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PREFACE. 


The  present   edition  of  this  work,  in  its  general  ground-plan, 
is  essentially  identical  with  those  which  have  preceded  it ;  but 
it  has,  nevertheless,  been  subjected  to  very  considerable  modi- 
fications in  detail.     The  original  aim  of  the  work  was  to  give, 
in  as  clear  and  concise  a  form  as  possible,  the  chief  parts  of 
Systematic  Zoology,  and  to  give  only  such  a  selection  from 
these  as  could  be  readily  made  available  by  ordinary  students. 
In  the  present  edition  this  aim  has  been  faithfully  adhered  to, 
and,  it  is  hoped,  has  been  more  thoroughly  carried  out  than 
on  previous  occasions. 

\Vhile  in  the  main  preserving  its  original  basis,  the  entire 
work  has  been  submitted  to  careful  revision,  and  large  portions 
of  it  have  been  almost  entirely  rewritten.  A  very  considerable 
amount  of  new  matter  has  been  added ;  but  an  undue  increase 
in  the  size  of  the  book  has  been  prevented  by  the  expedient 
of  printing  portions  of  the  text  in  small  type.  Some  space 
has  also  been  gained  by  the  omission  of  the  synoptical  tables 
of  the  families  of  the  various  orders  and  classes  of  the  animal 
kingdom,  which  were  inserted  in  former  editions;  and  the 
space  thus  gained  has  been  largely  taken  by  bibliographical 
lists,  indicating  for  each  great  division  of  animals  the  more 
important  sources  to  which  the  student  may  look  for  original 
information. 

Much  of  the  increase  in  the  bulk  of  this  edition  is  further 
due  to  the  fact  that  nearly  one  hundred  additional  illustrations 
have  been  introduced,  which,  it  is  believed,  will  materially 
assist  in  the  comprehension  of  the  text.     In  connection  with 
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this  subject,  the  author  has  to  record  here  his  thanks  to  Messrs 
A.  &  C.  Black  for  their  kindness  in  pennitting  him  to  use 
several  of  the  engravings  (viz.,  figs.  6i,  64,  65,  66,  69,  71, 
73>  75»  7^9  209,  211,  and  212)  from  his  articles  on  Corals 
and  Cuttle-fishes  in  the  ninth  edition  of  the  *  Encyclopaedia 
Britannica.' 

The  only  other  point  which  appears  to  require  notice  relates 
to  the  classification  here  adopted.  This  classification,  as  in 
the  previous  editions  of  the  work,  is  based  essentially  upon  the 
views  put  forth  by  Professor  Huxley  in  his  masterly  treatise, 
entitled  *  Lectures  on  the  Elements  of  Comparative  Anatomy,' 
published  in  1864.  The  reader  will  find  a  good  many  minor 
changes  in  this  classification,  necessitated  by  the  recent  pro- 
gress of  2k)ological  science.  Thus,  the  new  groups  of  the 
Hydrocorallinae  and  Helioporidae  of  Mosely  have  been  duly 
recognised ;  the  discovery  of  the  tracheal  system  of  Peripatus 
has  enriched  the  Myriapoda  with  a  new  order :  the  Therio- 
dontia  of  Owen  have  been  added  to  the  already  numerous 
groups  of  the  extinct  Reptiles;  the  orders  Odontolcae  and 
Odontotormse  of  Marsh,  collectively  forming  the  new  sub-class 
Odontomithes,  are  accessions  to  the  class  of  Birds ;  and  through 
the  researches  of  the  last-named  distinguished  palaeontologist, 
the  domain  of  Mammalian  life  has  been  extended  by  the  estab- 
lishment of  the  Tillodontia  and  Dinocerata. 

In  the  main,  however,  the  author  has  not  thought  it  neces- 
sary to  depart  from  the  broad  outlines  of  the  systematic 
arrangement  of  animals  originally  adopted  by  Professor  Hux- 
ley, to  which  he  finds  himself  still  able  to  give  his  hearty 
adhesion.  The  student  of  some  of  the  more  recent  German, 
American,  and  English  zoological  publications  would,  how- 
ever, find  himself  confronted  with  a  classification  of  more 
modem  origin,  and  in  many  fiindamental  points  essentially 
different  from  the  one  followed  here.  Thus,  to  speak  only  of 
conspicuous  instances,  he  would  find  the  Sponges  placed  with 
the  Coelenterata ;  the  Rugose  Corals  would  be  side  by  side 
with  the  Jelly-fishes  in  the  class  of  the  Hydrozoa ;  the  Polyzoa 
and  Brachiopoda  would  be  met  with  in  the  •*  Vermes,"  in  the 
immediate  neighbourhood  of  the  Annelides ;  and  in  looking 
for  the  Tunicates  he  would  either  have  to  direct  his  search  to 
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the  group  just  mentioned,  or  he  might  even  light  upon  the 
object  of  his  quest  at  the  bottom  of  the  Vertebrate  sub- 
kingdom. 

That  these  and  other  similar  changes  have  not  been  adopted 
here  demands  a  few  words  of  explanation.  In  the  first  place, 
the  present  work  is  intended  principally  for  the  guidance  of 
general  students,  and  the  author  is  of  opinion  that  it  would 
for  this  reason  be  improper  to  introduce  into  it  any  schemes 
of  classification  which  have  not  been  accepted  with  tolerable 
unanimity  by  naturalists  in  general.  Most  or  all  of  the  above- 
mentioned  innovations,  however,  though  supported  by  many 
and  distinguished  names,  are  opposed  by  others  of  equa> 
eminence.  They  may  ultimately  turn  out  to  be  based  on 
nature,  but,  in  the  meanwhile,  they  have  not  received  anything 
like  universal  acceptance. 

In  the  second  place,  most  of  these  proposed  changes  of 
classification  are  founded  upon  a  study  of  the  developmental 
phenomena  of  animals.  Some  highly  distinguished  zoologists 
hold  that  embryological  characters  will  ultimately  prove  to  be 
the  true  basis  of  classification ;  but  in  this  view  the  author 
imfortunately  is  at  present  hardly  prepared  to  concur.  On  the 
contrary,  the  author  finds  himself  in  the  position  of  being  un- 
able to  believe  that  any  general  system  of  classification  can 
maintain  its  ground  unless  it  be  based  upon  the  morphological 
characters  exhibited  by  atdult  animals.  He  would  not  be  held 
as  denying,  or  even  as  depreciating,  the  importance  of  embry- 
ological studies,  but  he  is  unable  to  believe  that  the  transitory 
characters  of  the  young  animal  can  have  the  same  general 
value  in  classification — for  the  purposes,  at  any  rate,  of  ordi- 
nary students — as  have  the  characters  drawn  from  the  fully 
developed  organism. 

In  the  third  place,  if  the  author  had  here  adopted  one  of 
the  roost  modem  classifications  of  the  animal  kingdom,  as 
advocated  by  those  who  hold  that  embryology  is  the  true  key 
to  taxonomy,  he  would  have  no  guarantee  that  he  might  not 
be  called  upon  to  fundamentally  alter  his  arrangement  within 
a  year  or  two.  For  embryologists  are  not  agreed  as  to  the  true 
import  of  the  phenomena  of  the  development  of  many  ani- 
maJsy  and  some  of  our  highest  authorities  in  this  department 
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of  investigation  deduce  diametrically  opposite  conclusions 
from  their  study  of  the  same  phenomena. 

Lastly,  there  are  cases  in  which  the  author  has  preferred  to 
retain  even  an  antique  classification,  rather  than  accept  any 
one  of  many  arrangements  which  are  based  upon  methods  of 
inquiry,  which  are  of  the  greatest  possible  value  to  the  com- 
parative anatomist  pure  and  simple,  but  which  are  unavailable 
for  the  purposes  of  those  who  merely  wish  to  acquire  a  general 
but  systematic  knowledge  of  Zoology.  The  class  of  Birds 
offers  a  case  in  point.  In  this  instance,  the  author  has  pre- 
ferred to  retain,  with  some  modifications,  an  old  and  only  par- 
tially natural  classification,  because  the  only  available  substi- 
tutes are  arrangements  which  are  purely  morphological,  and 
which  are  based  upon  the  observed  variations  in  single  struc- 
tures. Classifications  of  this  kind,  though  of  the  utmost  use 
to  the  genuine  comparative  anatomist,  can  never  be  thoroughly 
natural,  and  they  are,  at  any  rate,  unsuited  for  any  but  very 
advanced  students  of  the  science. 

In  conclusion,  the  author  can  only  express  his  regret  that 
the  fact  that  almost  the  whole  of  this  work  had  passed  through 
the  press  before  the  middle  of  October  last,  should  have  pre- 
cluded him  from  in  any  way  availing  himself  of,  or  in  some 
cases  even  from  mentioning  in  the  bibliographical  lists  of  refer- 
ences, some  highly  valuable  works  of  recent  appearance,  among 
which  the  *  Atlantic,'  by  Sir  Wyville  Thomson,  the  *  Morphol- 
ogy of  the  Skull,'  by  Professor  Parker  and  Mr  Bettany,  and 
Professor  Huxley's  'Comparative  Anatomy  of  Invertebrated 
Animals,'  may  be  specially  alluded  to. 

United  College,  St  Andrews, 
Aprils,  1878. 
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MANUAL    OF    ZOOLOGY. 


GENERAL  INTRODUCTION. 

I.  Definition  of  Biology  and  Zoology. 

Natural  History,  strictly  speaking,  and  as  the  term  itself 
implies,  should  be  employed  to  designate  the  study  of  all 
natural  objects  indiscriminately,  whether  these  are  endowed 
with  Ufe,  or  exhibit  none  of  those  incessant  vicissitudes  which 
collectively  constitute  vitality.  So  enormous,  however,  have 
been  the  conquests  of  science  within  the  last  century,  that 
Natural  History,  using  the  term  in  its  old  sense,  has  of 
necessity  been  divided  into  several  more  or  less  nearly  related 
branches. 

In  the  first  place,  the  study  of  natural  objects  admits  of  an 
obvious  separation  into  two  primary  sections,  of  which  the 
first  deals  with  the  phenomena  presented  by  the  inorganic 
world,  whilst  the  second  is  occupied  with  the  investigation  of 
the  nature  and  relations  of  all  bodies  which  exhibit  life.  The 
former  department  concerns  the  geologist  and  mineralogist, 
and  secondarily  the  naturalist  proper  as  well;  the  latter 
department,  treating  as  it  does  of  living  beings,  is  properly 
designated  by  the  term  Biology  (from  )8ios,  life^  and  Xoyos,  a 
discourse).  Biology,  in  turn,  may  be  split  up  into  the  sciences 
of  Botany  and  Zoology,  the  former  dealing  with  plants,  the 
latter  with  animals;  and  it  is  really  Zoology  alone  which  is 
nowadays  understood  by  the  term  Natural  History. 

In  determining,  therefore,  the  limits  and  scope  of  Biology, 
we  are  brought  at  the  very  threshold  of  our  inquiry  to  the 
question.  What  are  the  differences  between  dead  and  living 
bodies?  Before  considering  this  point,  however,  it  will  be 
advisable  to  discuss  briefly  the  characters  which  in  a  general 
way  distinguish  what  are  known  as  "organic"  from  " inor- 
ganic"  bodies. 
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2.  Differences  between  Organic  and  Inorganic 

Matter. 

The  terms  "organic"  and  "inorganic,"  as  applied  to  the 
various  kinds  of  matter  of  which  the  universe  is  composed,  had, 
to  begin  with,  a  very  definite  signification ;  the  latter  being 
applied  to  all  those  forms  of  matter  which  exist  independently 
of  the  operation  of  living  beings,  whilst  all  kinds  of  matter 
produced  by  the  vital  chemistry  of  living  beings  were  grouped 
together  under  the  former  title.  "  Inorganic  "  Chemistry,  for 
example,  was  that  department  of  chemical  science  which  dealt 
with  the  latter  class  of  bodies ;  while  "  Organic  "  Chemistry 
concerned  itself  wholly  with  those  of  the  former  group.  Even 
at  an  early  period,  however,  some  confusion  was  created  by 
the  necessity  of  employing  the  term  "  organic  "  for  accumula- 
tions of  inorganic  matter  which  had  at  one  time  entered  into 
the  composition  of  living  beings.  Thus,  limestone  is  in  one 
sense  inorganic,  since  carbonate  of  lime,  of  which  it  is  formed, 
occurs  in  nature  quite  independently  of  the  operation  of  living 
beings.  In  another  sense,  however,  most  limestones  are  or- 
ganic, since  the  lime  of  which  they  are  composed  has  been  in 
the  main  derived  from  the  skeletons  of  animals  or  plants. 

At  the  present  day,  the  term  "  organic  "  has  been  widely 
extended  in  its  significance  by  the  wonderful  discoveries  of 
modem  science ;  and  "  Organic  Chemistry,"  as  it  is  still  com- 
monly called,  embraces  a  much  more  extensive  field  of  inves- 
tigation than  would  be  afforded  merely  by  those  substances 
which  are  actually  manufactured  by  living  beings.  In  addi- 
tion, namely,  to  substances  like  starch,  sugar,  fat,  and  other 
bodies  which  are  produced  solely  by  the  living  organism,  and 
which  cannot  at  present  be  artificially  generated,  we  embrace 
under  the  name  of  "  Organic  Chemistry "  a  vast  number  of 
compounds  which  are  not  produced  by  living  beings,  but  are 
artificially  manufactured  by  the  chemist  in  the  laboratory. 
These  compounds  are  derived  by  various  chemical  processes 
from  strictly  organic  substances,  which  are  in  reality  the  pro- 
duct of  vital  action,  and  they  might  therefore  be  appropriately 
called  "  secondary  organic  bodies." 

The  link  between  the  primary  and  secondary  organic  bodies 
is  afforded  by  substances  such  as  urgOy  which  is  one  of  the  most 
characteristic  of  animal  products,  and  which  was  for  a  long 
time  unknown  except  as  resulting  from  animal  life.  It  is  now 
known,  however,  as  first  showed  by  Wohler,  that  urea  is  in 
chemical  composition  identical  with  cyanate  of  ammonia,  a 
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substance  which  can  be  manufactured  on  any  desired  scale  in 
the  laboratory.  We  may  reasonably  anticipate  that  the  result 
of  more  extensive  chemical  researches  will  be  very  largely  to 
increase  the  number  of  bodies  which,  at  present  recognised 
exclusively  as  the  products  of  vital  action,  will  ultimately  be 
found  capable  of  being  artificially  manufactured. 

It  need  hardly  be  added,  that  the  term  "organic,**  as  applied 
to  any  substance,  in  no  way  relates  to  the  presence  or  absence 
of  life.  The  materials  which  compose  the  living  body  are,  of 
course,  "  organic  "  in  the  main,  but  they  are  equally  so  after 
death  has  occurred — at  any  rate  for  a  certain  time — and  some 
of  them  continue  to  be  so  for  an  indefinite  period  after  life  has 
departed.  Sugar,  for  example,  is  an  organic  product ;  but  in 
itself  it  is  of  course  dead,  and  it  retains  its  stability  after  the 
organism  which  produced  it  has  lost  all  vitality. 

The  following  are  the  more  important  characters  which  dis- 
tinguish the  various  organic  substances,  whether  directly  pro- 
duced by  living  beings,  or  secondarily  formed  by  chemical 
processes  of  different  kinds: — (i).  Inorganic  bodies  are  com- 
posed of  a  large  number  of  elements ;  and  these  elements  are 
either  simple  and  uncombined,  or  they  are  associated  into 
simple  compounds,  which  rarely  consist  of  more  than  two  or 
three  elements  united,  and  are  therefore  called  "  binary  "  or 
"ternary"  compounds.  On  the  other  hand,  organic  bodies 
are  composed  of  few  elements,  and  these  are  almost  always 
combined.  Indeed,  there  are  only  four  principal  organic  ele- 
ments, namely.  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen;  and 
of  these  the  first  is  so  much  the  most  important,  that  Organic 
Chemistry  has  been  appropriately  termed  the  *'  Chemistry  of 
Carbon."  Furthermore,  the  combinations  of  the  elements  in 
organic  compounds  are  complex,  the  resulting  substances  be- 
ing mostly  "  ternary,"  "  quaternary,"  or  "  quinary  "  compounds ; 
and  there  is  generally  a  larger  number  of  atoms  or  equivalents 
of  the  combining  elements  than  is  usually  the  case  among  inor- 
ganic bodies.  Thus,  carbonate  of  lime  consists  of  no  more 
than  one  atom  of  Calcium,  one  of  Carbon,  and  three  of  Oxy- 
gen. On  the  other  hand,  albumen,  which  may  be  taken  as  a 
typical  organic  substance,  consists  of  144  atoms  of  Carbon, 
no  atoms  of  Hydrogen,  18  atoms  of  Nitrogen,  42  atoms  of 
Oxygen,  and  2  atoms  of  Sulphur.  Haemoglobin  (the  red  col- 
ouring-matter of  the  blood),  again,  is  stated  by  Thudichum  to 
consist  of  no  less  than  1875  atoms  of  no  more  than  six  ele- 
ments. Iron,  however,  exists  in  the  blood,  not  improbably  in 
its  elemental  condition ;  and  copper  has  been  detected  in  the 
liver  of  the  mammalia,  and  largely  in  the  red  colouring-matter 
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of  the  feathers  of  certain  birds,  in  the  latter  instance  being  in 
a  condition  of  loose  chemical  combination. 

(2).  As  the  result  of  the  large  number  of  atoms  which  enter 
into  the  composition  of  organic  bodies,  we  find  that  substances 
of  this  class  are  singularly  unstable — the  stability  of  all  chemical 
combinations,  even  amongst  inorganic  bodies,  generally  de- 
creasing in  direct  proportion  to  the  increased  number  of  atoms 
associated  in  the  compound.  Organic  bodies,  being  composed 
of  much  larger  aggregations  of  atoms  than  inorganic,  are  pro- 
portionately more  unstable ;  and  this  instability  is  increased 
by  the  fact  that  many  organic  substances  contain  Nitrogen,  an 
element  of  feeble  and  undecided  affinities,  and  also  by  the  fact 
that  all  those  which  are  of  natural  and  normal  occurrence  in 
the  living  body,  are  in  this  state  more  or  less  completely  per- 
meated with  water. 

Hence,  the  primary  organic  substances,  such  as  enter  directly 
into  the  composition  of  living  beings,  are  so  unstable  that  we 
usually  speak  of  them  as  decomposing  or  breaking  up  "  spon- 
taneously," when  removed  fi'om  the  influence  of  the  living 
organism.  So  long  as  they  form  part  of  the  actually  living 
body,  they  are  to  some  extent  stable,  but  when  removed  from 
this  they  require  nothing  more  than  the  presence  of  oxygen,  the 
existence  of  moisture,  and  a  moderate  degree  of  warmth,  to 
insure  their  decomposition.  These  conditions,  though  essen- 
tial, are  so  universally  present,  that  animal  and  vegetable  mat- 
ters are  generally  considered  as  liable  to  decay  "of  themselves." 
If,  however,  such  substances  be  deprived  of  access  of  air,  or  be 
frozen,  or  have  their  water  driven  off  by  desiccation,  they  are 
capable  of  retaining  their  chemical  composition  for  an  appa- 
rently indefinite  period  of  time ;  and  one  or  other  of  these  con- 
ditions is  carried  out  in  all  processes  which  have  as  their  end 
the  preservation  unchanged  of  the  organic  substances  which 
form  the  bodies  of  animals  and  plants. 


3.  Differences  between  Dead  and  Living  Bodies. 

Whilst  all  living  bodies,  whether  animal  or  vegetable,  are 
composed  essentially  of  organic  substances,  there  are  never- 
theless associated  with  the  living  organism  larger  or  smaller 
amounts  of  matter  which  is  practically  dead.  On  the  other 
hand  there  are  numerous  secondary  organic  products  which  at 
no  time  enter  into  the  composition  of  living  bodies,  and  which 
are  therefore  just  as  much  "dead"  substances  as  the  genuine 
inorganic  substances. 
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The  general  distinctions  between  dead  and  living  matter 
are  the  following : — 

(a).  Mode  of  Increase. — Living  bodies  possess  the  power  of 
taking  into  their  interior  certain  materials  (food),  foreign  to 
those  composing  their  own  substance,  and  of  converting  these 
into  the  materials  of  which  they  are  themsefves  built  up.  This 
process  is  known  as  "  assimilation,"  and  it  is  in  virtue  of  this 
that  living  bodies  grow.  The  growth  of  the  organism,  there- 
fore, and  its  increase  in  size,  is  not  effected  by  the  mere 
addition  of  matter  from  the  outside,  but  by  the  taking  of 
matter  into  the  interior  of  the  body,  and  its  modification 
there. 

On  the  other  hand,  when  dead  bodies  increase  in  size  (as 
crystals  do  in  supersaturated  solutions),  this  is  effected  simply 
by  the  addition  of  particles  from  the  outside,  or,  as  it  is 
technically  called,  by  the  "accretion,"  instead  of  by  the 
"intussusception"  of  matter.  The  newly  added  particles 
undergo  no  change  from  their  previous  constitution,  and  the 
essential  element  of  "  assimilation  "  is  thus  wanting,  so  that 
the  process  is  in  no  sense  one  of  "  growth  "  properly  so  called. 

(b).  Cyclical  change, — All  dead  matter  tends  to  assume  a 
condition  of  permanent  stability  and  repose.  Living  matter, 
on  the  other  hand,  is  pre-eminently  distinguished  by  its  ten- 
dency to  pass  through  a  series  of  cyclical  changes,  all  the 
actions  of  living  bodies  being  accompanied  by  a  correspond- 
ing destruction  of  the  matter  by  which  these  actions  are 
eflfected.  All  these  cyclical  changes  are  effected  by  the  slow 
but  incessant  reduction  of  the  living  matter  of  the  organism  to 
the  non-living  condition.  Active  life,  therefore,  can  only  be 
carried  on  by  the  constant  destruction  of  portions  of  the  living 
matter  of  the  body ;  and  to  meet  the  loss  thus  caused,  it  is 
necessary  that  a  corresponding  amount  of  non-living  matter 
should  be  constantly  "  assimilated,"  and  raised  from  the 
statical  condition  of  dead  matter  to  the  dynamical  condition 
of  living  matter. 

j^c).  Relations  to  the  Outside  World, — Dead  bodies  are  sub- 
ject to  the  physical  and  chemical  forces  of  the  universe,  and  have 
no  power  of  suspending  these  forces,  or  modifying  their  action, 
even  for  a  limited  period.  On  the  other  hand,  living  bodies, 
whilst  subject  to  the  same  forces,  are  the  seat  of  something  in  vir- 
tue of  which  they  can  override,  suspend,  or  modify  the  actions 
of  the  physical  and  chemical  forces  by  which  dead  bodies  are 
exclusively  governed.  Dead  matter  is  completely  passive, 
unable  to  originate  motion,  and  equally  unable  to  arrest  it 
when  once  originated.     Living  matter,  so  long  as  it  is  living, 
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is  the  seat  of  energy^  and  can  overcome  the  primary  law  of  the 
inertia  of  matter.  However  humble  it  may  be,  and  even  if 
permanently  rooted  to  one  place,  every  living  body  possesses, 
in  some  part  or  other,  or  at  some  period  of  its  existence,  the 
power  of  independent  and  spontaneous  movement — a  power 
possessed  by  nothing  that  is  dead.  Similarly,  the  chemical 
forces,  which  work  unresisted  amongst  the  particles  of  dead 
matter,  are  in  the  living  organism  directed  harmoniously  to 
given  ends,  their  action  regulated  under  definite  laws,  and 
their  natural  working  often  strikingly  modified,  or  even  tem- 
porarily suspended,  and  this  as  effectually  and  as  perfectly  in 
the  humblest  as  in  the  highest  of  created  beings. 

As  a  result  of  this,  dead  bodies  exhibit  nothing  but  reactions^ 
and  these  purely  of  a  physical  and  chemical  nature,  whilst  they 
show  no  tendency  to  pass  through  periodical  changes  of  state. 
On  the  other  hand,  living  bodies  exhibit  distinct  actions^  and 
are  pre-eminently  characterised  by  their  tendency  to  pass 
through  a  series  of  cyclical  changes,  which  follow  one  another 
in  a  regular  and  determinate  sequence. 

(//).  Reproduction, — Every  living  body  has  the  power  of  re- 
producing its  like.  Directly  or  indirectly,  every  living  body 
has  the  power  of  giving  off  minute  portions  of  its  own  sub- 
stance, which,  under  proper  conditions,  will  be  developed  into 
the  likeness  of  the  parent. 

4.  Nature  and  Conditions  of  Life. 

Life  has  been  variously  defined  by  different  writers.  Bichat 
defines  it  as  "the  sum  total  of  the  functions  which  resist 
death;"  Treviranus,  as  "the  constant  uniformity  of  pheno- 
mena with  diversity  of  external  influences ; "  Duges,  as  "the 
special  activity  of  organised  bodies ;"  and  Beclard,  as  **  organ- 
isation in  action."  AH  these  definitions,  however,  are  more  or 
less  objectionable,  since  they  either  really  mean  nothing,  or 
the  assumption  underlies  them  that  life  is  inseparably  con- 
nected with  organisation.  In  point  of  fact,  no  rigid  definition 
of  life  appears  to  be  at  present  possible,  and  it  is  best  to  regard 
it  as  being  simply  a  tendency  exhibited  by  certain  forms  of 
matter,  under  certain  conditions,  to  pass  through  a  series  of 
changes  in  a  more  or  less  definite  and  determinate  sequence. 
The  essential  phenomenon  of  vitality  is,  therefore,  in  the 
words  of  Herbert  Spencer,  "  the  continuous  adjustment  of 
internal  relations  to  external  relations,"  and  life,  in  its  effect^ 
is  the  totality  of  the  functions  of  a  living  being.  Life,  how- 
ever, may  also  be  considered  as  a  cause^  since  amongst  the 
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phenomena  presented  by  all  living  beings  there  are  some 
which  cannot  be  referred  to  the  action  of  known  physical  or 
chemical  laws,  and  which,  therefore,  temporarily  at  any  rate, 
we  must  term  "  vital." 

Whilst  the  nature  of  life  thus  does  not  admit  of  rigid  defini- 
tion, we  find  that  the  phenomena  of  vitality  can  only  be  mani- 
fested under  certain  conditions^  some  of  these  being  intrinsic 
and  indispensable,  whilst  others  are  extrinsic^  and  not  in  them- 
selves, or  collectively,  essential. 

The  only  intrinsic  condition  of  life  appears  to  be  the  exist- 
ence of  a  special  "  physical  basis,**  as  it  has  been  termed.  We 
do  not  find,  namely,  that  the  phenomena  of  vitality  can  be 
manifested  by  any  and  every  form  of  matter.  On  the  contrary, 
and  as  might  have  been  expected  upon  a  priori  grounds,  all 
linng  bodies  appear  to  be  composed  of  a  special  substance, 
which  is  the  material  basis  of  life,  and  which  seems  to  be  sub- 
stantially identical  in  all  alike.  No  living  body  is  throughout 
composed  of  this  living  basis,  but  all  contain  a  greater  or 
smaller  amount  of  other  materials,  which  are  in  one  sense 
dead.  The  real  phenomena  of  vitality  are  conditioned,  there- 
fore, by  certain  special  portions  of  the  organism,  which  are 
alone  formed  of  this  living  matter ;  and  this  matter  in  chemical 
composition  and  physical  characters  appears  to  be  identical  in 
all  living  beings  whether  animal  or  vegetable.  To  this  physical 
basis  the  names  of  "  protoplasm  "  or  "  bioplasm  "  are  applied. 
The  lowest  organisms  consist  of  little  else  but  simple  unmodi- 
fied protoplasm ;  but  even  in  the  most  complex  organisms  it 
can  be  shown  that  their  essential  parts,  in  which  alone  vitality 
is  inherent,  are  similarly  composed  of  protoplasmic  matter. 

As  regards  its  nature,  protoplasm,  though  capable  of  forming 
the  most  complex  structures,  does  not  necessarily  exhibit  any- 
thing which  can  be  looked  upon  as  organisation,  or  differentia- 
tion into  distinct  parts ;  and  its  chemical  composition  is  the 
only  constant  which  can  be  approximately  stated.  It  consists, 
namely,  in  all  its  forms,  of  the  four  elements,  carbon,  hydrogen, 
oxygen,  and  nitrogen,  united  into  a  proximate  compound  to 
which  Mulder  applied  the  name  of  "  proteine,"  and  which  is 
very  nearly  identical  with  albumen  or  white-of-egg.  It  ftirther 
appears  probable  that  all  forms  of  protoplasm  can  be  made  to 
contract  by  means  of  electricity,  and  "are  liable  to  undergo 
that  peculiar  coagulation  at  a  temperature  of  4o''-5o®  centigrade, 
which  has  been  called  *  heat-stiffening*"  (Huxley).  As  viewed 
under  the  microscope,  protoplasm  presents  itself  as  a  clear 
viscous,  semi-fluid  substance,  which  is  commonly  rendered 
granular  by  the  presence  of  disseminated  particles  of  fatty 
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matter,  and  which  is  deeply  stained  by  immersion  in  a  solu- 
tion of  carmine. 

If  we  admit,  then,  with  Huxley — and  the  admission  re- 
quires some  qualifications  —  that  "protoplasm,  simple  or 
nucleated,  is  the  formal  basis  of  all  life,"  *  there  nevertheless 
remain  certain  conditions  equally  indispensable  to  the  external 
manifestation  of  vital  phenomena;  though  life  itself,  or  the 
pmver  of  exhibiting  vital  phenomena,  may  be  preserved  for  a 
longer  or  shorter  period,  even  though  these  conditions  be  ab- 
sent These  extrinsic  conditions  of  vitality  are,  firstly^  a  cer- 
tain temperature  varying  from  near  the  freezing  point  to  120° 
or  130°;  secondly y  the  presence  of  water,  which  enters  largely 
into  the  composition  of  all  living  tissues ;  thirdly^  the  presence 
of  oxygen  in  a  free  state,  though  some  of  the  lower  forms  of 
vegetable  life  are  capable  of  existing  in  an  atmosphere  devoid 
of  oxygen. 

The  higher  manifestations  of  life  are  not,  as  a  general  rule, 
possible  unless  all  the  extrinsic  conditions  just  mentioned  are 
carried  out,  and  the  non-fulfilment  of  any  of  them  generally 
causes  death;  but  there  are  some  notable  exceptions  to  this  state- 
ment Thus,  life  may  remain  in  a  dormant  or  "potential"  con- 
dition for  an  apparently  indefinite  time,  as  exhibited  by  the  great 
tenacity  of  life,  even  under  unfavourable  circumstances,  exhib- 
ited by  the  ova  of  some  animals  and  the  seeds  of  many  plants. 
A  still  more  striking  example  of  this  is  afforded  by  the  minute 
microscopic  animals  known  as  the  Rotifers  or  Wheel-animal- 
cules. These  little  creatures  are  aquatic  in  their  habits,  and 
diminutive  as  they  are,  they  are  nevertheless,  comparatively 
speaking,  of  a  very  high  grade  of  organisation.  They  possess 
a  mouth,  masticatory  organs,  a  stomach  and  alimentary  canal, 
a  distinct  and  well-developed  nervous  system,  a  differentiated 
reproductive  apparatus,  and  even  organs  of  vision.  Repeated 
experiments,  however,  have  shown  the  remarkable  fact  that, 
with  their  aquatic  habits  and  complex  organisation,  the  Roti- 
fers are  capable  of  submitting  to  an  apparently  indefinite  de- 
privation of  the  necessary  conditions  of  their  existence,  without 
thereby  losing  their  vitality.  They  may  be  dried  and  reduced 
to  all  appearance  to  dust,  and  may  be  kept  in  this  state  for  a 

*  It  has  not  yet  been  shown  that  the  living  matter  which  we  designate 
by  the  convenient  term  of  **  protoplasm  **  has  universally  and  in  all  cases 
a  constant  and  undeviating  chemical  composition ;  and  there  is,  indeed, 
reason  to  believe  that  this  is  not  the  case.  It  is  also  certain  that  there  are 
other  materials,  the  exact  use  of  which  we  do  not  at  present  know,  which 
are  absolutely  essential  to  the  maintenance  of  life,  probably  even  in  its 
humblest  manifestations. 


NATURE  AND  CONDITIONS  OF  LIFK  9 

period  of  many  years ;  nevertheless,  the  addition  of  a  little 
water  will  at  any  time  restore  them  to  their  pristine  vigour 
and  activity.  It  follows,  therefore,  that  an  organism  may  be 
deprived  of  all  power  of  manifesting  any  of  the  phenomena 
which  constitute  what  we  call  life  without  losing  its  hold  upon 
the  vital  forces  which  belong  to  it. 

Again,  the  vital  resistance  of  the  lowest  organisms  to  changes 
of  temperature,  seems  to  be  in  some  cases  much  wider  than 
those  stated  above  as  generally  true.  Thus,  the  microscopic 
organisms  known  as  "  vibrios  "  are  stated  to  survive  exposure 
to  a  temperature  of  300"^  F.,  and  to  be  wholly  unaflfected  by 
being  frozen  ;  whilst  Dallinger  and  Drysdale  have  shown  that 
the  germs  of  monads  will  survive  exposure  to  temperature  of 
from  280°  to  300°  F.  The  presence  of  oxygen  in  a  free  state, 
too,  though  essential  to  the  higher  forms  of  life,  does  not 
appear  to  be  necessary  in  the  case  of  some  of  the  lower ;  since 
vibrios  and  bacteria  appear  to  carry  on  a  vigorous  life  in  an 
atmosphere  of  carbonic  acid  gas.  Lastly,  there  are  certain 
conditions,  such  as  the  presence  of  sun-light,  which  are  essen- 
tial for  the  maintenance  of  life  as  a  whole,  though  by  no  means 
necessarily  demanded  for  the  life  of  individuals.  Thus,  vege- 
table life  is  as  a  whole  dependent  upon  sun-light,  and  though 
animals  can  subsist  in  darkness,  animal  life  is  in  reality  de- 
pendent upon  plant-life,  so  that  the  total  absence  of  the  sun 
would  extinguish  all  life  whatever. 

The  only  other  condition  of  life  which  need  be  noticed  is 
the  presence  of  "  organisation  "  in  living  bodies ;  and  the  im- 
portance of  this  has  been  greatly  reduced  by  the  progress  of 
modem  science.  All  the  higher  forms  of  life  are  **  organised," 
that  is  to  say,  they  possess  distinct  parts  or  "  organs,"  which 
have  certain  definite  relations  to  one  another,  and  which  dis- 
charge certain  definite  offices  or  "functions."  The  protoplasmic 
and  actually  living  portions  even  of  these,  however,  appear, 
under  the  highest  powers  of  the  microscope,  to  be  destitute  of 
any  recognisable  structure^  and  are  therefore  not  "  organised." 
Moreover,  many  of  the  lowest  forms  of  life  (such  as  the  Fora- 
niinifera  amongst  the  Protozoa)  fail  to  fulfil  one  of  the  most 
essential  conditions  of  organisation,  being  devoid  of  definite 
parts  or  organs  of  any  kind.  Nevertheless,  they  are  capable 
of  manifesting  all  the  essential  phenomena  of  life ;  they  are 
produced  from  bodies  like  themselves ;  they  eat,  digest,  and 
move,  and  exhibit  distinct  sensibility  to  many  external  im- 
pressions. Furthermore,  many  of  these  little  masses  of  struc- 
tureless jelly  possess  the  power  of  manufacturing  for  them- 
selves, of  lime,  or  of  the  still  more  intractable  flint,  external 
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shells  of  surpassing  beauty  and  mathematical  regularity.  In 
the  face  of  these  facts  we  are  therefore  compelled  to  come  to 
the  conclusion  that  life  is  really  the  cause  and  not  the  conse- 
quence of  organisation ;  or,  in  other  words,  that  organisation  is 
not  an  intrinsic  and  indispensable  condition  of  vital  phenomena. 

As  to  the  precise  relations  which  subsist  between  the  "  phy- 
sical basis  of  life,"  and  the  phenomena  of  vitaUty,  it  is  held  by 
some  that  "  life  "  is  one  of  the  properties  of  the  albuminous 
body  which  we  term  protoplasm.  On  this  view,  life  is  a  form 
of  energy  or  motion,  due  simply  to  molecular  movements  tak- 
ing place  in  the  ultimate  molecules  of  the  protoplasm,  and 
capable  of  correlation  with  the  ordinary  physical  or  chemical 
forces.  It  cannot,  however,  be  said  that  this  view  has  as  yet 
received  a  scientific  demonstration.  On  the  other  hand,  it 
seems  safer,  with  our  present  knowledge,  to  believe  that  proto- 
plasm is  simply  the  necessary  material  basis  or  vehicle  through 
which  vital  force  is  manifested,  though  we  are  still  unable  to 
speak  with  any  positiveness  as  to  the  precise  nature  of  the 
forces  which  are  the  fundamental  causes  of  life. 

If,  in  conclusion,  it  be  asked  whether  the  term  "  vital  force  " 
is  any  longer  permissible  in  the  mouth  of  a  scientific  man,  the 
question  must,  in  the  meanwhile,  be  answered  in  the  affirma- 
tive. Formerly,  no  doubt,  the  progress  of  science  was  retarded 
and  its  growth  checked  by  a  too  exclusive  reference  of  natural 
phenomena  to  a  so-called  vital  force.  Equally  unquestionable 
is  the  fact  that  the  development  of  Biological  science  has  pro- 
gressed contemporaneously  with  the  successive  victories  gained 
by  the  physicists  over  the  vitalists.  Still,  no  physicist  has 
hitherto  succeeded  in  explaining  any  fundamental  vital  phe- 
nomenon upon  purely  physical  and  chemical  principles.  The 
simplest  vital  phenomenon  has  in  it  something  over  and  above 
the  merely  chemical  and  physical  forces  which  we  can  demon- 
strate in  the  laboratory.  It  is  easy,  for  example,  to  say  that 
the  action  of  the  gastric  juice  is  a  chemical  one,  and  doubt- 
less the  discovery  of  this  fact  was  a  great  step  in  physiological 
science.  Nevertheless,  in  spite  of  the  most  searching  inves- 
tigations, it  is  certain  that  digestion  presents  phenomena  which 
are  as  yet  inexplicable  upon  any  chemical  theory.  This  is  ex- 
emplified in  its  most  striking  form,  when  we  look  at  a  simple 
organism  like  the  Amoeba.  This  animalcule,  which  is  struc- 
turally little  more  than  a  mobile  lump  of  semi-fluid  protoplasm, 
digests  as  perfectly — as  far  as  the  result  to  itself  is  concerned — 
as  does  the  most  highly  organised  animal  with  the  most  complex 
digestive  apparatus.  It  takes  food  into  its  interior,  it  digests 
it  without  the  presence  of  a  single  organ  for  the  purpose ;  and, 
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still  more,  it  possesses  that  inexplicable  selective  power  by 
which  it  assimilates  out  of  its  food  such  constituents  as  it 
needs,  whilst  it  rejects  the  remainder.  In  the  present  state  of 
our  knowledge,  therefore,  we  must  conclude  that  even  in  the 
process  of  digestion,  as  exhibited  in  the  Amoeba,  there  is  some- 
thing that  is  not  merely  physical  or  chemical.  Similarly,  any 
organism  when  just  dead,  consists  of  the  same  protoplasm  as 
before,  in  the  same  forms,  and  with  the  same  arrangement; 
but  it  has  most  unquestionably  lost  a  something  by  which  all  its 
properties  and  actions  were  modified,  and  some  of  them  were 
produced.  What  that  something  is,  we  do  not  know,  and 
perhaps  never  shall  know ;  and  it  is  possible,  though  highly 
improbable,  that  future  discoveries  may  demonstrate  that  it 
is  merely  a  subtle  modification  of  some  physical  force.  In 
the  meanwhile,  as  all  vital  actions  exhibit  this  mysterious 
something,  it  would  appear  unphilosophical  to  ignore  its  exist- 
ence altogether,  and  the  term  "  vital  force  "  may  therefore  be 
retained  with  advantage.  In  using  this  term,  however,  it  must 
not  be  forgotten  that  we  are  simply  employing  a  convenient 
expression  for  an  unknown  quantity,  for  that  residual  portion 
of  every  vital  action  which  cannot  at  present  be  referred  to 
the  operation  of  any  known  physical  force. 

It  must,  however,  also  be  borne  in  mind  that  this  residuum  is 
probably  not  to  be  ascribed  to  our  ignorance,  but  that  it  has 
a  real  existence.  It  appears,  namely,  in  the  highest  degree 
probable  that  every  vital  action  has  in  it  something  which  is 
not  merely  physical  and  chemical,  but  which  is  conditioned 
by  an  unknown  force,  higher  in  its  nature  and  distinct  in  kind 
as  compared  with  all  other  forces.  The  presence  of  this 
"vital  force"  may  be  recognised  even  in  the  simplest  phe- 
nomena of  nutrition  ;  and  no  attempt  even  has  hitherto  been 
made  to  explain  the  phenomena  of  reproduction  by  the  work- 
ing of  any  known  physical  or  chemical  force. 

5.  Differences  between  Animals  and  Plants. 

We  have  now  arrived  at  some  definite  notion  of  the  essen- 
tial characters  of  living  beings  in  general,  and  we  have  next  to 
consider  what  are  the  characteristics  of  the  two  great  divisions 
of  the  organic  world.  What  are  the  characters  which  induce 
us  to  place  any  given  organism  in  either  the  vegetable  or  the 
animal  kingdom?  What,  in  fact,  are  the  differences  between 
animals  and  plants  ? 

It  is  generally  admitted  that  all  bodies  which  exhibit  vital 
phenomena  are  capable  of  being  referred  to  one  of  the  two 
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great  kingdoms  of  organic  nature.  At  the  same  time  it  is 
often  extremely  difficult  in  individual  cases  to  come  to  any 
decision  as  to  the  kingdom  to  which  a  given  organism  should 
be  referred,  and  in  many  cases  the  determination  is  purely 
arbitrary.  So  strongly,  in  fact,  has  this  difficulty  been  felt, 
that  some  observers  have  established  an  intermediate  kingdom, 
a  sort  of  no-man's-land  for  the  reception  of  those  debatable 
organisms  which  cannot  be  definitely  and  positively  classed 
either  amongst  vegetables  or  amongst  animals.  Thus,  Dr 
Ernst  Haeckel  has  proposed  to  form  an  intermediate  kingdom, 
which  he  calls  the  Regnum  Protisticum^  for  the  reception  of  all 
doubtful  organisms.  Even  such  a  cautious  observer  as  Dr 
Rolleston,  whilst  questioning  the  propriety  of  this  step,  is 
forced  to  conclude  that  "  there  are  organisms  which  at  one 
period  of  their  life  exhibit  an  aggregate  of  phenomena  such  as 
to  justify  us  in  speaking  of  them  as  animals,  whilst  at  another 
they  appear  to  be  as  distinctly  vegetable." 

In  the  case  of  the  higher  animals  and  plants,  there  is  no 
difficulty;  the  former  being  at  once  distinguished  by  the 
possession  of  a  nervous  system,  of  motor  power  which  can  be 
voluntarily  exercised,  and  of  an  internal  cavity  fitted  for  the 
reception  and  digestion  of  solid  food.  The  higher  plants,  on 
the  other  hand,  possess  no  nervous  system  or  organs  of  sense, 
are  incapable  of  independent  locomotion,  and  are  not  provided 
with  an  internal  digestive  cavity,  their  food  being  wholly  fluid 
or  gaseous.  These  distinctions,  however,  do  not  hold  good  as 
regards  the  lower  and  less  highly  organised  members  of  the 
two  kingdoms,  many  animals  having  no  nervous  system  or 
internal  digestive  cavity,  whilst  many  plants  possess  the  power 
of  locomotion ;  so  that  we  are  compelled  to  institute  a  closer 
comparison  in  the  case  of  these  lower  forms  of  life. 

a.  Form, — As  regards  external  configuration,  of  all  charac- 
ters the  most  obvious,  it  must  be  admitted  that  no  absolute 
distinction  can  be  laid  down  between  plants  and  animals. 
Many  of  our  ordinary  zoophytes,  such  as  the  Hydroid  Polypes, 
the  sea -shrubs  and  corals  —  as,  indeed,  the  name  zoophyte 
implies — are  so  similar  in  external  appearance  to  plants  that 
they  were  long  described  as  such.  Amongst  the  Molluscoida, 
the  common  sea-mat  (Flustra)  is  invariably  regarded  by  sea- 
side visitors  as  a  sea- weed.  Many  of  the  Protozoa  are  equally 
like  some  of  the  lower  plants  (Protophyta) ;  and  even  at  tha 
present  day  there  are  not  wanting  those  who  look  upon  the 
sponges  as  belonging  to  the  vegetable  kingdom.  On  the  other 
hand,  the  embryonic  forms,  or  "  zoospores,"  (fig.  i,  a  and  b) 
of  certain  undoubted  plants  (such  as  the  Protococcus  nivalis, 
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Vaucheria,  &c.)  are  provided  with  ciliated  processes  with 
which  they  swim  about,  thus  coming  so  closely  to  resemble 
.some  of  the  Inrusorian  animalcules  as  to  have  been  referred  to 
that  division  of  the  Protozoa. 


L»  gTuuty  nuLgniJicd' 


b.  [ntemai  Struefure. — Here,  again,  no  line  of  demarcation 
can  be  drawn  between  the  animal  and  vegetable  kingdoms.  In 
this  respect  all  plants  and  animals  are  fundamentally  similar, 
being  alike  composed  of  molecular,  cellular,  and  fibrous  tissues. 

t.  Chemical  Composition. — Plants,  speaking  generally,  exhibit 
a  preponderance  of  ternary  compounds  of  carbon,  hydrogen, 
and  oxygen' — such  as  starch,  cellulose,  and  sugar  —  whilst 
nitrogenised  compounds  enter  more  largely  into  the  compo- 
sition of  animals.  Still  both  kingdoms  contain  identical  or 
representative  compounds,  though  there  may  be  a  difference 
in  the  proportion  of  these  to  one  another.  Moreover,  the 
most  characteristic  of  all  vegetable  compounds — viz.,  cellulose 
— hag  been  detected  in  the  outer  covering  of  the  sea-squirts, 
or  Ascidian  Molluscs  ;  and  the  so-called  "  glycogen,"  which  is 
secreted  by  the  liver  of  the  Mammalia,  is  closely  allied  to,  if 
not  absolutely  identical  with,  the  hydrated  starch  of  plants.  As 
a  general  rule,  however,  it  may  be  stated  that  the  presence  in 
any  organism  of  an  external  envelope  of  cellulose  raises  a  strong 
presumption  of  its  vegetable  nature.  In  the  face,  however, 
of  the  tacts  above  stated,  the  presence  of  cellulose  cannot  be 
looked  upon  as  absolutely  conclusive.  Another  highly  charac- 
teristic vegetable  compound  is  chlorophyll,  the  green  colouring- 
matter  of  plants.  Any  organism  which  exhibits  chlorophyll 
in  aoy  quantity,  as  a  proper  element  of  its  tissues,  is  roost 
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probably  vegetable.  As  in  the  case  of  cellulose,  however,  the 
presence  of  chlorophyll  cannot  be  looked  upon  as  a  certain 
test,  since  it  occurs  normally  in  certain  undoubted  animals 
{e.g.^  Stentor^  amongst  the  Infusoriay  and  the  Hydra  viridis^ 
or  the  green  Fresh-water  Polype,  amongst  the  Cciienterata). 

d.  Motor  Power. — This,  though  broadly  distinctive  of  ani- 
mals, can  by  no  means  be  said  to  be  characteristic  of  them. 
Thus,  many  animals  in  their  mature  condition  are  permanently 
fixed,  or  attached  to  some  foreign  object ;  and  the  embryos  of 
many  plants,  together  with  not  a  few  adult  forms,  are  endowed 
with  locomotive  power  by  means  of  those  vibratile,  hair-like 
processes  which  are  called  "  cilia,"  and  are  so  characteristic 
of  many  of  the  lower  forms  of  animal  life.  Not  only  is  this 
the  case,  but  large  numbers  of  the  lower  plants,  such  as  the 
Diatoms  and  Desmids,  exhibit  throughout  life  an  amount  and 
kind  of  locomotive  power  which  does  not  admit  of  being  rigidly 
separated  from  the  movements  executed  by  animals,  though  the 
closest  researches  have  hitherto  failed  to  show  the  mechanism 
whereby  these  movements  are  brought  about. 

e.  Nature  of  the  Food, — Whilst  all  the  preceding  points  have 
failed  to  yield  a  means  of  invariably  separating  animals  from 
plants,  a  distinction  which  holds  good  almost  without  excep- 
tion is  to  be  found  in  the  nature  of  the  food  taken  respectively 
by  each,  and  in  the  results  of  the  conversion  of  the  same.  The 
unsatisfactory  feature,  however,  in  this  distinction  is  this,  that 
even  if  it  could  be  shown  to  be,  theoretically,  invariably  true, 
it  would  nevertheless  be  practically  impossible  to  apply  it  to 
the  greater  number  of  those  minute  organisms  concerning 
which  alone  there  can  be  any  dispute. 

As  a  broad  rule,  all  plants  are  endowed  with  the  power  of 
converting  inorganic  into  organic  matter.  Thtfood  of  plants 
consists  of  the  inorganic  compounds,  carbonic  acid,  ammonia, 
and  water,  along  with  small  quantities  of  certain  mineral  salts. 
From  these,  and  from  these  only,  plants  are  capable  of  elabo- 
rating the  proteinaceous  matter  or  protoplasm  which  consti- 
tutes the  physical  basis  of  life.  Plants,  therefore,  take  as  food 
very  simple  bodies,  and  manufacture  them  into  much  more 
complex  substances.  In  other  words,  by  a  process  of  deoxida- 
tion  or  unbuming,  rendered  possible  by  the  influence  of  sun- 
light only,  plants  convert  the  inorganic  or  stable  elements — 
ammonia,  carbonic  acid,  water,  and  certain  mineral  salts — into 
the  organic  or  unstable  elements  of  food.  The  whole  problem 
of  nutrition  may  be  narrowed  to  the  question  as  to  the  modes 
and  laws  by  which  these  stable  elements  are  raised  by  the  vital 
chemistry  of  the  plant  to  the  height  of  unstable  compounds. 
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To  this  general  statement,  however,  an  exception  must  be 
made  in  favour  of  certain  Fungi,  which  require  ready-made 
organic  matter  for  their  nourishment  There  are  also  certain 
plants  (such  as  the  Sun-dew  and  the  Venus*  Fly-trap)  which 
live  to  some  extent  upon  animal  food. 

On  the  other  hand,  no  known  animal  possesses  the  power 
of  converting  inorganic  compounds  into  organic  matter,  but 
all,  mediately  or  immediately,  are  dependent  in  this  respect 
upon  plants.  All  animals,  as  far  as  is  certainly  known,  require 
ready-made  proteinaceous  matter  for  the  maintenance  of  exist- 
ence, and  this  they  can  only  obtain  in  the  first  instance  from 
plants.  Animals,  in  fact,  differ  from  plants  in  requiring  as  food 
complex  organic  bodies  which  they  ultimately  reduce  to  very 
much  simpler  inorganic  bodies.  The  nutrition  of  animals  is 
a  process  of  oxidation  or  burning,  and  consists  essentially  in 
the  conversion  of  the  energy  of  the  food  into  vital  work;  this 
conversion  being  effected  by  the  passage  of  the  food  into  living 
tissue.  Plants,  therefore,  are  the  great  manufacturers  in  nature, 
— animals  are  the  great  consumers. 

There  remain  to  be  noticed  two  distinctions,  broadly  though  not  uni- 
versally applicable,  which  are  due  to  the  nature  of  the  food  required  re- 
spectively by  animals  and  plants.  In  the  first  place,  the  food  of  all  plants 
consists  partly  of  gaseous  matter,  and  partly  of  matter  held  in  solution. 
They  require,  therefore,  no  special  aperture  for  its  admission,  and  no  in- 
ternal cavity  for  its  reception.  The  fooil  of  almost  all  animals  consists  of 
solid  particles,  and  they  are  therefore  usually  provided  with  a  mouth  and 
a  distinct  digestive  cavity.  Some  animals,  however,  such  as  the  tape- 
worm and  the  Gr^arinre,  live  entirely  by  the  imbibition  of  organic  fluids 
through  the  general  surface  of  the  body,  and  many  have  neither  a  distinct 
mouth  nor  stomach. 

Secondly,  plants  decompose  carbonic  acid,  retaining  the  carbon  and  set- 
ting free  the  oxygen,  certain  fungi  forming  an  exception  to  this  law.  The 
reaction  of  plants  upon  the  atmosphere  is  therefore  characterised  by  the 
production  of  free  oxygen.  Animals,  on  the  other  hand,  absorb  oxygen 
and  emit  carbonic  acid,  so  that  their  reaction  upon  the  atmosphere  is  the 
reverse  of  that  of  plants,  and  is  characterised  by  the  production  of  car- 
bonic add. 

Finally,  it  is  worthy  of  notice  that  it  is  in  their  lower  and  not  in  their 
h^her  developments  that  the  two  kingdoms  of  organic  nature  approach 
one  another.  No  difficulty  Is  experienced  in  separating  the  higher  animals 
from  the  higher  plants,  and,  for  these,  universal  laws  can  be  laid  down  to 
which  there  is  no  exception.  It  might,  not  unnaturally,  have  been  thought 
that  the  lowest  classes  of  animals  would  exhibit  most  affinity  to  the  highest 
plants,  and  that  thus  a  gradual  passage  between  the  two  kingdoms  would 
be  established.  This  is  not  the  case,  however.  The  lower  animals  are 
not  allied  to  the  higher  plants,  but  to  the  lower ;  and  it  is  in  the  very 
lowest  members  of  the  vegetable  kingdom,  or  in  the  embryonic  and  im- 
mature forms  of  plants  little  higher  in  the  scale,  that  we  find  such  a  de- 
cided animal  gift  as  the  power  of  independent  locomotion.  It  is  also  in 
[        the  less  highly  organised  and  less  specialised  forms  of  plants  that  we  find 
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the  chief  departures  from  the  great  laws  of  vegetable  life,  the  deviation 
being  in  the  direction  of  the  laws  of  animal  life. 


6.  Morphology  and  Physiology. 

The  next  point  which  demands  notice  relates  to  the  nature 
of  the  differences  between  one  animal  and  another,  and  the 
question  is  one  of  the  highest  importance.  Every  animal — 
as  every  plant — may  be  regarded  from  two  totally  distinct, 
and,  indeed,  often  apparently  opposite,  points  of  view.  From 
the  first  point  of  view  we  have  to  look  simply  to  the  laws, 
form,  and  arrangement  of  the  structures  of  the  organism ;  in 
short,  to  its  external  shape  and  internal  structure.  This  con- 
stitutes the  science  of  morphology  {fiop<t>rj, /ormy  and  Aoyos,  (/is- 
course).  From  the  second,  we  have  to  study  the  vital  actions 
performed  by  living  beings  and  the  functious  discharged  by  the 
different  parts  of  the  organism.  This  constitutes  the  science 
of  physiology. 

A  third  department  of  zoology  is  concerned  with  the  rela- 
tions of  the  organism  to  the  external  conditions  under  which 
it  is  placed,  constituting  a  division  of  the  science  to  which  the 
term  "distribution "  is  applied. 

Morphology,  again,  not  only  treats  of  the  structure  of  living 
beings  in  their  fully -developed  condition  (anatomy),  but  is 
also  concerned  with  the  changes  through  which  every  living 
being  has  to  pass  before  it  assumes  its  mature  or  adult  charac- 
ters (embryology  or  development).  The  term  "  histology  "  is 
further  employed  to  designate  that  branch  of  morphology  which 
is  specially  occupied  with  the  investigation  of  minute  or  micro- 
scopical tissues. 

Physiology  treats  of  all  the  functions  exercised  by  living 
bodies,  or  by  the  various  definite  parts  or  organs,  of  which 
most  animals  are  composed.  All  these  functions  come  under 
three  heads : — i.  Functions  of  Nutrition^  divisible  into  func- 
tions of  absorption  and  metamorphosis,  comprising  those  func- 
tions which  are  necessary  for  the  growth  and  maintenance  of 
the  organism.  2.  Functions  of  Reproduction^  whereby  the  per- 
petuation of  the  species  is  secured.  3.  Functions  of  Correlation^ 
comprising  all  those  functions  (such  as  sensation  and  voluntary 
motion)  by  which  the  external  world  is  brought  into  relation 
with  the  organism,  and  the  organism  in  turn  reacts  upon  the 
external  world. 

Of  these  three,  the  functions  of  nutrition  and  reproduction 
are  often  collectively  called  the  functions  of  organic  or  vege- 
tative life,  as  being  common  to  animals  and  plants ;  while  the 
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functions  of  correlation  are  called  the  animal  functions,  as 
being  more  especially  characteristic  of,  though  not  peculiar  to, 
animals. 

7.  Differences  between  different  Animals. 

All  the  innumerable  differences  which  subsist  between  dif- 
ferent animals  may  be  classed  under  two  heads,  corresponding 
to  the  two  aspects  of  every  living  being,  morphological  and 
physiological.  One  animal  differs  from  another  either  morpho- 
logically,  in  the  fundamental  points  of  its  structure ;  or  physio- 
logically,  in  the  manner  in  which  the  vital  functions  of  the 
organism  are  discharged.  These  constitute  the  only  modes  in 
which  anyone  animal  can  differ  from  any  other;  and  they  may 
be  considered  respectively  under  the  heads  of  Specialisation  of 
Function  and  Morphological  type. 

a.  Specialisation  of  Function. — All  animals  alike,  whatever 
their  structure  may  be,  perform  the  three  great  physiological 
functions ;  that  is  to  say,  they  all  nourish  themselves,  repro- 
duce their  like,  and  have  certain  relations  with  the  external 
world.  They  differ  from  one  another  physiologically  in  the 
manner  in  which  these  functions  are  performed.  Indeed,  it  is 
only  in  the  functions  of  correlation  that  it  is  possible  that  there 
should  be  any  difference  in  the  amount  or  perfection  of  the 
function  performed  by  the  organism,  since  nutrition  and  repro- 
duction, as  far  as  their  results  are  concerned,  are  essentially  the 
same  in  all  animals.  In  the  manner,  however,  in  which  the 
same  results  are  brought  about,  great  differences  are  observable 
in  different  animals.  The  nutrition  of  such  a  simple  organism 
as  the  Amceba  is,  indeed,  performed  perfectly,  as  far  as  the 
result  to  the  animal  itself  is  concerned — as  perfectly  as  in  the 
case  of  the  highest  animal — but  it  is  performed  with  the  simplest 
possible  apparatus.  It  may,  in  fact,  be  said  to  be  performed 
without  any  specicU  apparatus,  since  any  part  of  the  surface  of 
the  body  may  be  extemporised  into  a  mouth,  and  there  is  no 
differentiated  alimentary  cavity.  And  not  only  is  the  nutritive 
apparatus  of  the  simplest  character,  but  the  function  itself  is 
equally  simple,  and  is  entirely  divested  of  those  complexities 
and  separations  into  secondary  functions  which  characterise 
the  process  in  the  higher  animals.  It  is  the  same,  too,  with 
the  functions  of  reproduction  and  correlation ;  but  this  point 
will  be  more  clearly  brought  out  if  we  examine  the  method  in 
which  one  of  the  three  primary  functions  is  performed  in  two 
or  three  examples.  Nutrition,  as  the  simplest  of  the  functions, 
•ill  best  answer  the  purpose. 

B 
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In  the  simpler  Protozoa,  such  as  the  Amoeba,  the  process 
of  nutrition  consists  essentially  in  the  reception  of  food,  its 
digestion  within  the  body,  the  excretion  of  effete  or  indigestible 
matter,  and  the  distribution  of  the  nutritive  fluid  through  the 
body.  The  first  three  portions  of  this  process  are  effected  with- 
out any  special  organs  for  the  purpose,  and  for  the  last  there  is 
simply  a  rudimentary  contractile  cavity.  Respiration,  if  it  can 
be  said  to  exist  at  all  as  a  distinct  function,  is  simply  effected 
by  the  general  surface  of  the  body. 

In  a  Coelenterate  animal,  such  as  a  sea-anemone,  the  func- 
tion of  nutrition  has  not  advanced  much  in  complexity,  but 
the  means  for  its  performance  are  somewhat  more  specialised. 
Permanent  organs  of  prehension  (tentacles)  are  present,  there 
is  a  distinct  mouth,  and  there  is  a  persistent  internal  cavity  for 
the  reception  of  the  food ;  but  this  is  not  shut  off  from  the 
general  cavity  of  the  body,  and  there  are  no  distinct  circulatory 
or  respiratory  organs. 

In  a  Mollusc,  such  as  the  oyster,  nutrition  is  a  much  more 
complicated  process.  There  is  a  distinct  mouth,  and  an  ali- 
mentary canal  which  is  shut  off  from  the  general  cavity  of  the 
body,  and  is  provided  with  a  separate  aperture  for  the  excre- 
tion of  effete  and  indigestible  matters.  Digestion  is  performed 
by  a  distinct  stomach  with  accessory  glands ;  a  special  contrac- 
tile cavity,  or  heart,  is  provided  for  the  propulsion  of  the  nutri- 
tive products  of  digestion  through  all  parts  of  the  organism  ; 
and  the  function  of  respiration  is  performed  by  complex  organs 
specially  adapted  for  the  purpose. 

It  is  not  necessary  here  to  follow  out  this  comparison 
further.  In  still  higher  animals  the  function  of  nutrition 
becomes  still  further  broken  up  into  secondary  functions,  for 
the  due  performance  of  which  special  organs  are  provided,  the 
complexity  of  the  organism  thus  necessarily  increasing  pari 
passu  with  the  complexity  of  the  function.  This  gradual  sub- 
division and  elaboration  is  carried  out  equally  with  the  other 
two  physiological  functions — viz.,  reproduction  and  correlation 
— and  it  constitutes  what  is  technically  called  the  "specialisa- 
tion of  function,"  though  it  has  been  more  happily  termed  by 
Milne-Edwards  "  the  principle  of  the  physiological  division  of 
labour."  It  is  needless,  howevep,  to  remark  that  in  the  higher 
animals  it  is  the  functions  of  correlation  which  become  most 
highly  specialised — disproportionately  so,  indeed,  when  com- 
pared with  the  development  of  the  nutritive  and  reproductive 
functions. 

b.  Morphological  Type.  —  The  first  point  in  which  one 
animal  may  differ  from  another  is  the  degree  to  which  the 
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principle  of  the  physiological  division  of  labour  is  carried. 
The  second  point  in  which  one  animal  may  differ  from  another 
is  in  its  "  morphological  type ; "  that  is  to  say,  in  the  funda- 
mental plan  upon  which  it  is  constructed.     By  one  not  specially 
acquainted  with  the  subject  it  might  be  readily  imagined  that 
each  species  or  kind  of  animal  was  constructed  upon  a  plan 
peculiar  to  itself  and  not  shared  by  any  other.     This,  how- 
ever, is  far  from  being  the  case;  and  it  is  now  universally 
recognised  that  all  the  varied  species  of  animals — however 
great  the  apparent  amount  of  diversity  amongst  them — may  be 
arranged  under  no  more  than  half-a-dozen  primary  morpho- 
logical t}*pes  or  plans  of  structure.      Upon  one  or  other  of 
these  five  or  six  plans  every  known  animal,  whether  living  or 
extinct,  is  constructed.     It  follows  from  the  limited  number 
of  primitive  types  or  patterns,  that  great  numbers  of  animals 
must  agree  with  one  another  in  their  morphological  type.     It 
follows,  also,  that  all  so  agreeing  can  differ  from  one  another 
only  in  the  sole  remaining  element  of  the  question — namely, 
by  the  amount  of  specialisation  of  function  which  they  exhibit. 
Every  animal,  therefore,  as  Professor  Huxley  has  well  expressed 
it,  is  the  resultant  of  two  tendencies,  the  one  morphological, 
the  other  physiological. 

The  six  types  or  plans  of  structure,  upon  one  or  other  of 
which  all  known  animals  have  been  constructed,  are  techni- 
cally called  "sub-kingdoms,"  and  are  known  by  the  names 
Protozoa,  Ccelenterata,  Annuloida,  Annulosa,  Mollusca,  and 
Vertebrata-  We  have,  then,  to  remember  that  every  member 
of  each  of  these  primary  divisions  of  the  animal  kingdom 
agrees  with  every  other  member  of  the  same  division  in  being 
formed  upon  a  certain  definite  plan  or  type  of  structure,  and 
differs  from  every  other. simply  in  the  grade  of  its  organisation, 
or,  in  other  words,  in  the  degree  to  which  it  exhibits  specialisa- 
tion of  function. 

Von  Baer's  Law  of  Development. — As  the  study  of  living 
beings  in  their  adult  condition  shows  us  that  the  differences 
between  those  which  are  constructed  upon  the  same  morpho- 
logical type  depend  upon  the  degree  to  which  specialisation 
of  function  is  carried,  so  the  study  of  development  teaches 
us  that  the  changes  undergone  by  any  animal  in  passing  from 
the  embryonic  to  the  mature  condition  are  due  to  the  same 
cause.  All  the  members  of  any  given  sub-kingdom,  when 
examined  in  their  earliest  embryonic  condition,  are  found  to 
present  the  same  fundamental  characters.  As  development 
proceeds,  however,  they  diverge  from  one  another  with  greater 
or  less  lapidity,  until  the  adults  ultimately  become  more  or 
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less  different,  the  range  of  possible  modification  being  ap- 
parently almost  illimitable.  The  differences  are  due  to  the 
different  degrees  of  specialisation  of  function  necessary  to 
perfect  the  adult ;  and  therefore,  as  Von  Baer  put  it,  tJu  pro- 
gress of  development  is  from  t/ie  general  to  the  special. 

It  is  upon  a  misconception  of  the  true  import  of  this  law 
that  the  theory  arose,  that  every  animal  in  its  development 
passed  through  a  series  of  stages  in  which  it  resembles,  in  turn, 
the  different  inferior  members  of  the  animal  scale.  With 
regard  to  man,  standing  at  the  top  of  the  whole  animal 
kingdom,  this  theory  has  been  expressed  as  follows :  **  Human 
organogenesis  is  a  transitory  comparative  anatomy,  as,  in  its 
turn,  comparative  anatomy  is  a  fixed  and  permanent  state  of 
the  organogenesis  of  man"  (Serres).  In  other  words,  the 
embryo  of  a  Vertebrate  animal  was  believed  to  pass  through  a 
series  of  changes  corresponding  respectively  to  the  permanent 
types  of  the  lower  sub-kingdoms — namely,  the  Protozoa,  Coe- 
lenterata,  Annuloida,  Annulosa,  and  Mollusca — before  finally 
assuming  the  true  vertebrate  characters.  Such,  however,  is  not 
truly  the  case.  The  ovum  of  every  animal  is  from  the  first 
impressed  with  the  power  of  developing  in  one  direction  only, 
and  very  early  exhibits  the  fundamental  characters  proper 
to  its  sub-kingdom,  never  presenting  the  structural  peculiari- 
ties belonging  to  any  other  morphological  type.  Neverthe- 
less, the  differences  which  subsist  between  the  members  of 
each  sub-kingdom  in  their  adult  condition  are  truly  referable 
to  the  degree  to  which  development  proceeds,  the  place  of 
each  individual  in  his  own  sub-kingdom  being  regulated  by  the 
stage  at  which  development  is  arrested.  Thus,  many  cases 
a»e  known  in  which  the  younger  stages  of  a  given  animal 
represent  the  permanent  adult  condition  of  an  animal  some- 
what lower  in  the  scale.  To  give  a  single  example,  the  young 
Gasteropod  (amongst  the  Mollusca)  transiently  presents  all  the 
essential  characters  which  permanently  distinguish  the  adult 
Pteropod.  The  development  of  the  Gasteropod,  however,  pro- 
ceeds beyond  this  point,  and  the  adult  is  much  more  highly 
specialised  than  is  the  adult  Pteropod. 

The  theory  of  development  held  by  the  supporters  of  the 
doctrine  of  Evolution  is  best  expressed  in  the  words  of  Prof 
Hseckel.  According  to  this  eminent  naturalist,  *•  Ontogenesis  " 
(or  the  development  of  the  individual)  "  is  the  brief  and  rapid 
recapitulation  of  phylogenesis"  (or  the  development  of  the 
species)  "  governed  by  the  physiological  fimctions  of  transmis- 
sion (reproduction)  and  nutrition  (adaptation).  The  organic 
individual,  during  the  rapid  and  brief  course  of  its  individual 
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development,  repeats  the  most  important  of  those  changes  of 
form  which  its  ancestors  have  passed  through  during  the  long 
and  gradual  course  of  their  palaeontological  development,  in 
accordance  with  the  laws  of  transmission  and  adaptation." 

8.  Homology,  Analogy,  and  Homomorphism. 

When  organs  in  different  animals  agree  with  one  another  in 
fundamental  structure^  they  are  said  to  be  "homologous;" 
when  they  perform  the  same  functions  they  are  said  to  be 
"  analogous."  Thus  the  wing  of  a  bird  and  the  arm  of  a  man 
are  constructed  upon  the  same  fundamental  plan,  and  they 
are  therefore  homologous  organs.  They  are  not  analogous, 
however,  since  they  do  not  perform  the  same  function,  the 
one  being  adapted  for  aerial  locomotion,  the  other  being  an 
organ  of  prehension.  On  the  other  hand,  the  wings  of  a  bird 
and  the  wings  of  an  insect  both  serve  for  flight,  and  they  are 
therefore  analogous,  since  they  perform  the  same  function. 
They  are  not  homologous,  however,  as  they  are  constructed 
upon  wholly  dissimilar  plans.  There  are  numerous  cases, 
however,  in  which  organs  correspond  with  one  another  both 
structurally  and  functionally,  in  which  case  they  are  both 
homologous  and  analogous. 

A  form  of  homology  is  often  seen  in  a  single  animal  in  which 
there  exists  a  succession  of  parts  which  are  fundamentally 
identical  in  structure,  but  are  variously  modified  to  fulfil  dif- 
ferent functions.  Thus  a  Crustacean — such  as  the  lobster — 
may  be  looked  ufK)n  as  being  composed  of  a  succession  of 
rings,  each  of  which  bears  a  pair  of  appendages,  these  appen- 
dages being  constructed  upon  the  same  type,  and  being  there- 
fore homologous.  They  are,  however,  variously  modified  in 
different  regions  of  the  body  to  enable  them  to  fulfil  special 
functions,  some  being  adapted  for  swimming,  others  for  walk- 
ing, others  for  prehension,  others  for  mastication,  and  so  on. 
This  succession  of  fundamentally  similar  parts  in  the  same 
animal  constitutes  what  is  known  as  serial  homology.  When, 
however,  the  successive  parts  are  similar  to  one  another,  both 
in  structure  and  in  function,  the  case  becomes  rather  one  of 
what  is  called  "  vegetative  "  or  "  irrelative  repetition."  An  ex- 
cellent instance  of  this  is  seen  in  the  common  Millipede  (lulus). 

Homomorphism. — Many  examples  occur,  both  among  animals 
and  among  plants,  in  which  families  widely  removed  from  one 
another  as  to  their  fundamental  structure,  nevertheless  pre- 
sent a  singular,  and  sometimes  extremely  close,  resemblance 
m  their  external   characters.     Thus  the  composite  Hydroid 


22  MANUAL  OF  ZOOLOGY. 

Polypes  and  the  Polyzoa  are  singularly  like  one  another — 
so  much  so,  that  they  have  often  been  classed  together; 
whereas,  in  reality,  they  belong  to  different  sub -kingdoms. 
Many  other  cases  of  this  resemblance  of  different  animals 
might  be  adduced,  and  in  many  cases  these  "  representative 
forms"  appear  to  be  able  to  fill  each  other's  places  in  the 
general  economy  of  nature.  This  is  so  far  true,  at  any  rate, 
that  "  homomorphous  "  forms  are  generally  found  in  different 
parts  of  the  earth's  surface.  Thus,  the  place  of  the  Cacti 
of  South  America  is  taken  by  the  Euphorbias  of  Africa ;  or, 
to  take  a  zoological  illustration,  many  of  the  different  orders 
of  Mammalia  are  represented  in  the  single  order  Marsupialia 
in  Australia,  in  which  country  this  order  has  almost  alone  to 
discharge  the  functions  elsewhere  performed  by  several  orders. 
Many  homomorphous  forms,  however,  live  peacefully  side  by 
side,  and  it  is  difficult  to  say  whether  in  this  case  the  resem- 
blance between  them  is  for  the  advantage  or  for  the  disadvan- 
tage of  either.  In  other  cases  we  find  certain  animals  putting 
on  the  external  characters  of  certain  other  animals,  to  which 
they  may  be  closely  related,  or  from  which  they  may  be  widely 
separated  in  zoological  position.  Such  cases  are  said  to  be 
examples  of  "mimicry,'*  and  such  animals  are  said  to  be 
"  mimetic."  Excellent  examples  of  this  may  be  found  amongst 
certain  Butterflies,  or  in  the  close  resemblance  of  the  clear- 
winged  Moths  to  Bees  and  Hornets.  In  all  these  cases  it 
appears  that  the  mimetic  species  is  protected  from  some  enemy 
by  its  outward  similarity  to  the  form  which  it  mimics.  Finally, 
there  are  numerous  cases  in  which  animals  resemble  certain 
natural  objects,  and  thus  greatly  diminish  their  chances  of 
being  detected  by  their  natural  foes.  Excellent  instances  of 
this  "protective  resemblance"  are  afforded  by  the  insects 
known  as  Walking-leaves  {Phyllium)  and  Walking-sticks  {P/ias- 
midce\  which  respectively  present  the  most  singular  resem- 
blance to  leaves  and  dried  twigs.  The  student,  however,  must 
carefully  guard  himself  against  supposing  that  the  term  "  mim- 
icry "  implies  any  conscious  action  on  the  part  of  the  mimetic 
species ;  there  being  no  evidence  to  support  such  a  view. 

9.  Correlation  of  Growth. 

This  term  is  employed  by  zoologists  to  express  the  empiri- 
cal law,  that  certain  structures,  not  hecessarily  or  usually  con- 
nected together  by  any  visible  link,  invariably  occur  in  associa- 
tion with  one  another,  and  never  occur  apart — so  far,  at  any 
rate,  as  human  observation  goes. 
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Thus,  all  animals  which  possess  two  condyles  on  the  occi- 
pital bone,  and  possess  non-nucleated  red  blood -corpuscles, 
suckle  their  young.  Why  an  animal  with  only  one  condyle 
on  its  occipital  bone  should  not  suckle  its  young  we  do  not 
know,  and  perhaps  we  shall  at  some  future  time  find  mam- 
mary glands  associated  with  a  single  occipital  condyle.  Most 
of  these  correlations  are  physiologically  difficult  of  explanation 
and  sometimes  even  amusing.  Thus  all,  or  almost  all,  male  cats 
which  are  entirely  white  and  have  blue  eyes,  are  at  the  same 
time  deaf.  With  regard  to  these  and  similar  generahsations 
we  must,  however,  bear  in  mind  the  following  three  points : — 

1.  The  various  parts  of  the  organisation  of  any  animal  are 
so  closely  interconnected,  and  so  mutually  dependent  upon 
one  another,  both  in  their  growth  and  development,  that  the 
characters  of  each  must  be  in  some  relation  to  the  characters 
of  all  the  rest,  whether  this  be  obviously  the  case  or  not. 

2.  It  is  rarely  possible  to  assign  any  reason  for  correlations 
of  structure,  though  they  are  certainly  in  no  case  accidental. 

3.  The  law  is  a  purely  empirical  one,  and  expresses  nothing 
more  than  the  result  of  experience ;  so  that  structures  which 
we  now  only  know  as  occurring  in  association,  may  ultimately 
be  found  dissociated,  and  conjoined  with  other  structures  of  a 
different  character. 

10.  Classification. 

Classification  is  the  arrangement  of  a  number  of  diverse 
objects  into  larger  or  smaller  groups,  according  as  they  ex- 
hibit more  or  less  likeness  to  one  another.  The  excellence  of 
any  given  classification  will  depend  upon  the  nature  of  the 
points  which  are  taken  as  determining  the  resemblance.  Sys- 
tems of  classification,  in  which  the  groups  are  founded  upon 
mere  external  and  superficial  points  of  similarity,  though 
often  useful  in  the  earlier  stages  of  science,  are  always  found 
in  the  long-run  to  be  inaccurate.  It  is  needless,  in  fact,  to 
point  out  that  many  living  beings,  the  structure  of  which  is 
fundamentally  different,  may  nevertheless  present  such  an 
amount  of  adaptive  external  resemblance  to  one  another,  that 
they  would  be  grouped  together  in  any  "artificial"  classifi- 
cation. Thus,  to  take  a  single  example,  the  whale,  by  its 
external  characters,  would  certainly  be  grouped  amongst  the 
fishes,  though  widely  removed  from  them  in  all  the  essential 
points  of  its  structure.  "  Natural "  systems  of  classification, 
on  the  other  hand,  endeavour  to  arrange  animals  into  divi- 
sions founded  upon  a  due  consideration  of  all  the  essential 
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and  fundamental  points  of  structure,  wholly  irrespective  of 
external  similarity  of  form  and  habits.  Philosophical  classifi- 
cation depends  upon  a  due  appreciation  of  what  constitute 
the  true  points  of  difference  and  likeness  amongst  animals; 
and  we  have  already  seen  that  these  are  morphological  type 
and  specialisation  of  function.  Philosophical  classification, 
therefore,  is  a  formal  expression  of  the  facts  and  laws  of 
Morphology  and  Physiology.  It  follows  that  the  more  fully 
the  programme  of  a  philosophical  and  strictly  natural  classifi- 
cation can  be  carried  out,  the  more  completely  does  it  afford 
a  condensed  exposition  of  the  fundamental  construction  of  the 
objects  classified.  Thus,  if  the  whale  were  placed  by  an  arti- 
ficial grouping  amongst  the  fishes,  this  would  simply  express 
the  facts  that  its  habits  are  aquatic  and  its  body  fish-like. 
When,  on  the  contrary,  we  obtain  a  natural  classification,  and 
we  learn  that  the  whale  is  placed  amongst  the  Mammalia,  we 
then  know  at  once  that  the  young  whale  is  bom  in  a  compa- 
ratively helpless  condition,  and  that  its  mother  is  provided 
with  special  mammary  glands  for  its  support ;  this  expressing 
a  fundamental  distinction  from  all  fishes,  and  being  associated 
with  other  equally  essential  correlations  of  structure. 

The  entire  animal  kingdom  is  primarily  divided  into  some 
half-a-dozen  great  plans  of  structure,  the  divisions  thus  formed 
beiftg  called  "  sub-kingdoms.'*  The  sub-kingdoms  are,  in  turn, 
broken  up  into  classes,  classes  into  orders,  orders  into  families, 
families  into  genera,  and  genera  into  species.  We  shall  ex- 
amine these  successively,  commencing  with  the  consideration 
of  a  species,  since  this  is  the  zoological  unit  of  which  the 
larger  divisions  are  made  up. 

Species. — No  term  is  more  diflicult  to  define  than  "  species," 
and  on  no  point  are  zoologists  more  divided  than  as  to  what 
should  be  understood  by  this  word.  Naturalists,  in  fact,  are 
not  yet  agreed  as  to  whether  the  term  species  expresses  a  real 
and  permanent  distinction,  or  whether  it  is  to  be  regarded 
merely  as  a  convenient,  but  not  immutable,  abstraction,  the 
employment  of  which  is  necessitated  by  the  requirements  of 
classification. 

By  Buffon,  "species"  is  defined  as  "a  constant  succession  of 
individuals*  similar  to  and  capable  of  reproducing  each  other." 

De  Candolle  defines  species  as  an  assemblage  of  all  those 
individuals   which  resemble  each  other  more  than  they  do 

•  In  using  the  term  "individual,"  it  must  be  borne  in  mind  that  the 
"zoological  individual"  is  meant ;  that  is  to  say,  the  total  result  of  the 
development  of  a  single  ovum,  as  will  hereafter  be  explained  at  greater 
length. 
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Others ;  and  are  able  to  reproduce  their  like,  doing  so  by  the 
generative  process,  and  in  such  a  manner  that  they  may  be 
supposed  by  analogy  to  have  all  descended  from  a  single  being 
or  a  single  pair. 

M.  de  Quatrefages  defines  species  as  "  an  assemblage  of 
individuals,  more  or  less  resembling  one  another,  which  are 
descended,  or  may  be  regarded  as  being  descended,  from 
a  single  primitive  pair  by  an  uninterrupted  succession  of 
families." 

Miiller  defines  species  as  "a  living  form,  represented  by 
individual  beings,  which  reappears  in  the  product  of  generation 
with  certain  invariable  characters,  and  is  constantly  reproduced 
by  the  generative  act  of  similar  individuals." 

According  to  Pritchard,  a  species  is  constituted  by  "  separate 
origin,  and  distinctness  of  race,  evinced  by  a  constant  trans- 
mission of  some  characteristic  peculiarity  of  organisation." 

According  to  Woodward,  "  ail  the  specimens,  or  individuals, 
which  are  so  much  alike  that  we  may  reasonably  believe  them 
to  have  descended  from  a  common  stock,  constitute  a  speciesJ^ 

From  the  above  definitions  it  will  be  at  once  evident  that 
there  are  two  leading  ideas  in  the  minds  of  zoologists  when 
they  employ  the  term  species ;  one  of  these  being  a  certain 
amount  of  resemblance  between  individuals,  and  the  other 
being  the  proof  that  the  individuals  so  resembling  each  other 
have  descended  from  a  single  pair,  or  from  pairs  exactly  simi- 
lar to  one  another.  The  characters  in  which  individuals  must 
resemble  one  another  in  order  to  entitle  them  to  be  grouped 
in  a  separate  species,  according  to  Agassiz,  "  are  only  those 
determining  size,  proportion,  colour,  habits,  and  relations  to 
surrounding  circumstances  and  external  objects." 

On  a  closer  examination,  however,  it  will  be  found  that 
these  two  leading  ideas  in  the  definition  of  species — external 
resemblance  and  community  of  descent — are  both  defective, 
and  liable  to  break  down  if  rigidly  applied.  Thus,  there  are 
in  nature  no  assemblages  of  plants  or  animals,  usually  grouped 
together  into  a  single  species,  the  individuals  of  which  exactly 
resemble  one  another  in  every  point.  Every  naturalist  is 
compelled  to  adroit  that  the  individuals  which  compose  any 
so-called  species,  whether  of  plants  or  animals,  differ  from 
one  another  to  a  greater  or  less  extent,  and  in  respects  which 
may  be  regarded  as  more  or  less  important.  The  existence 
of  such  individual  differences  is  attested  by  the  universal 
employment  of  the  terms  "  varieties  "  and  "  races."  Thus  a 
"  variety  "  comprises  all  those  individuals  which  possess  some 
distinctive  peculiarity  in  common,  but  do  not  differ  in  other 
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respects  from  another  set  of  individuals  sufficiently  to  entitle 
them  to  take  rank  as  a  separate  species.  A  "  race,"  again,  is 
simply  a  permanent  or  "  perpetuated  "  variety.  The  question, 
however,  is  this — How  far  may  these  differences  amongst  in- 
dividuals obtain  without  necessitating  their  being  placed  in  a 
separate  species  ?  In  other  words  :  How  great  is  the  amount 
of  individual  difference  which  is  to  be  considered  as  merely 
**  varidal^^  and  at  what  exact  point  do  these  diflferences  become 
of  **  specific^*  value  ?  To  this  question  no  answer  can  be  given, 
since  it  depends  entirely  upon  the  weight  which  different 
naturalists  would  attach  to  any  given  individual  difference.* 
Distinctions  which  appear  to  one  observer  as  sufficiently  great 
to  entitle  the  individuals  possessing  them  to  be  grouped  as 
a  distinct  species,  by  another  are  looked  upon  as  simply  of 
varietal  value ;  and,  in  the  nature  of  the  case,  it  seems  impos- 
sible to  lay  down  any  definite  rules.  To  such  an  extent  do 
individual  differences  sometimes  exist  in  particular  genera — 
termed  "protean"  or  "polymorphic"  genera — that  the  deter- 
mination of  the  different  species  and  varieties  becomes  an 
almost  hopeless  task. 

Besides  the  individual  diflferences  which  ordinarily  occur 
in  all  species,  other  cases  occur  in  which  a  species  consists 
normally  and  regularly  of  two  or  even  three  distinct  forms, 
which  cannot  be  said  to  be  mere  varieties,  since  no  inter- 
mediate forms  can  be  discovered.  When  two  such  distinct 
fonns  exist,  the  species  is  said  to  be  "  dimorphic,"  and  when 
three  are  present,  it  is  called  "  trimorphic."  Thus,  in  dimorphic 
plants  a  single  species  is  composed  of  two  distinct  forms, 
similar  to  one  another  in  all  respects  except  in  their  repro- 
ductive organs,  the  one  form  having  a  long  pistil  and  short 
stamens,  the  other  a  short  pistil  with  long  stamens.  In  tri- 
morphic plants,  the  species  is  composed  of  three  such  distinct 
forms,  which  diflfer  in  like  manner  in  the  conformation  of  their 
reproductive  organs,  though  they  are  otherwise  undistinguish- 
able  (Darwin).  Similar  cases  are  known  in  animals,  but  in 
them  the  differences,  though  apparently  connected  with  repro- 
duction, are  not  confined  to  the  reproductive  organs.  Thus 
the  females  of  certain  butterflies  normally  appear  under  two 
or  three  entirely  different  forms,  not  connected  by  any  inter- 
mediate links;  and  the  same  thing  occurs  in  some  of  the 
Crustacea. 

*  As  an  example  of  this  it  is  sufficient  to  allude  to  the  fact  that  hardly 
any  two  botanists  agree  as  to  the  number  of  species  of  Willows  and  Bram- 
bles in  the  British  Isles.  What  one  observer  cksses  as  mere  varieties, 
another  regards  as  good  and  distinct  species. 
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As  regards,  therefore,  the  first  point  in  the  definition  of 
species — namely,  the  external  resemblance  of  assemblages  of 
individuals — we  are  forced  to  conclude  that  no  two  individuals 
are  exactly  alike ;  and  that  the  amount  and  kind  of  external 
resemblance  which  constitutes  a  species  is  not  a  precise  and 
invariable  quantity,  but  depends  upon  the  value  attached  to 
particular  characters  by  any  given  observer. 

The  second  point  in  the  definition  of  species — namely,  com- 
munity of  descent — is  hardly  in  a  more  satisfactory  condition, 
since  the  descent  of  any  given  series  of  individuals  from  a 
single  pair,  or  fi'om  pairs  exactly  similar  to  one  another,  is  at 
best  but  a  probability,  and  is  in  no  case  capable  of  proof.  In 
the  case  of  the  higher  animals,  it  can  doubtless  be  shown  that 
certain  assemblages  of  individuals  possess  amongst  themselves 
the  power  of  fecundation  and  of  producing  fertile  progeny,  and 
that  this  power  does  not  extend  to  the  fecundation  of  indi- 
viduals belonging  to  another  different  assemblage.  Amongst 
the  higher  animals,  "  crosses  "  or  **  hybrids  "  can  only  be  pro- 
duced between  closely-allied  species,  and  when  produced  they 
are  sterile,  and  are  not  capable  of  reproducing  their  like.  In 
these  cases,  therefore,  we  may  take  this  as  a  most  satisfactory 
element  in  the  definition  of  *'  species."  The  sterility,  however, 
of  hybrids  is  not  universal,  even  amongst  the  higher  animals ; 
and  amongst  plants  no  doubt  can  be  entertained  but  that  the 
individuals  of  species  universally  admitted  to  be  distinct  are 
capable  of  mutual  fertilisation  ;  the  hybrid  progeny  thus 
produced  being  likewise  fertile,  and  capable  of  reproducing 
similar  individuals.  That  this  fertility  is  often  irregular, 
and  may  be  destroyed  in  a  few  generations,  admits  of  expla- 
nation, and  hardly  alters  the  significance  of  these  undoubted 
facts. 

Upon  the  whole,  then,  it  seems  in  the  meanwhile  safest  to 
adopt  a  definition  of  species  which  implies  no  theory,  and  does 
not  include  the  belief  that  the  term  necessarily  expresses  a 
fixed  and  permanent  quantity.  Species,  therefore,  may  be 
defined  as  an  assemblage  of  individuals  which  resemble  each  other 
in  their  essential  cliaracterSj  are  able,  directly  or  indirectly,  to  pro- 
duce fertile  individuals^  atid  which  do  not  (as  far  as  human 
observation  goes)  give  rise  to  individuals  which  vary  from  the 
general  type  through  more  than  certain  definite  limits.  The  pro- 
duction of  occasional  monstrosities  does  not,  of  course^  invali- 
date this  definition. 

Genus  is  a  term  applied  to  groups  of  species  which  possess 
a  community  of  essential  details  of  structure.  A  genus 
may  include  a  single  species  only,  in  cases  where  the  com- 
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bination  of  characters  which  make  up  the  species  are  so 
peculiar  that  no  other  species  exhibits  similar  structural  char- 
acters ;  or,  on  the  other  hand,  it  may  contain  many  hundreds 
of  species. 

Families  are  groups  of  genera  which  agree  in  their  general 
characters.  According  to  Agassiz,  they  are  divisions  founded 
upon  peculiarities  of  "  form  as  determined  by  structure." 

Orders  are  groups  of  families  related  to  one  another  by 
structural  characters  common  to  all. 

Classes  are  larger  divisions,  comprising  animals  which  are 
formed  upon  the  same  fundamental  plan  of  structure,  but  differ 
in  the  method  in  which  the  plan  is  executed  (Agassiz). 

Sub -kingdoms  are  the  primary  divisions  of  the  animal 
kingdom,  which  include  all  those  animals  which  are  formed 
upon  the  same  structural  or  morphological  type,  irrespec- 
tive of  the  degree  to  which  specialisation  of  function  may 
be  carried. 

Impossibility  of  a  Linear  Classification, — It  has  sometimes 
been  thought  that  the  animal  kingdom  can  be  arranged  in  a 
linear  series,  every  member  of  the  series  being  higher  in  point 
of  organisation  than  the  one  below  it.  As  we  have  seen,  how- 
ever, the  status  of  any  given  animal  depends  upon  two  condi- 
tions— one  its  morphological  type,  the  other  the  degree  to 
which  specialisation  of  function  is  carried.  Now,  if  we  take 
two  animals,  one  of  which  belongs  to  a  lower  morphological 
type  than  the  other,  no  degree  of  specialisation  of  function, 
however  great,  will  place  the  former  above  the  latter,  as  far  as 
its  type  of  structure  is  concerned,  though  it  may  make  the 
former  a  more  highly  organised  animal.  Every  Vertebrate 
animal,  for  example,  belongs  to  a  higher  morphological  type 
than  every  Mollusc ;  but  the  higher  Molluscs,  such  as  cuttle- 
fishes, are  much  more  highly  organised,  as  far  as  their  type  is 
concerned,  than  are  the  lowest  Vertebrata.  In  a  linear  classi- 
fication, therefore,  the  cuttle-fishes  should  be  placed  above  the 
lowest  fishes — such  as  the  lancelet — in  spite  of  the  fact  that 
the  type  upon  which  the  latter  are  constructed  is  by  far  the 
highest  of  the  two. 

It  is  obvious,  therefore,  that  a  linear  classification  is  not 
possible,  since  the  higher  members  of  each  sub-kingdom  are 
more  highly  organised  than  the  lower  forms  of  the  next  sub- 
kingdom  in  the  series,  at  the  same  time  that  they  are  con- 
structed upon  a  lower  morphological  type. 

In  the  words  of  Professor  Allen  Thomson,  "  it  has  become 
more  and  more  apparent  in  the  progress  of  morphological 
research,  that  the  different  groups  form  circles  which  touch 
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one  another  at  certain  points  of  greatest  resemblance,  rather 
than  one  continuous  line,  or  even  a  number  of  lines  which 
partially  pass  each  other."  In  the  same  way  the  highest 
vegetables  do  not  approximate  to,  or  graduate  into,  the  lowest 
animals ;  but,  "  each  kingdom  presents,  as  it  were,  a  radiating 
expansion  into  groups  for  itself,  so  that  the  relations  of  the 
two  kingdoms  might  be  represented  by  the  divergence  of  lines 
spreading  in  two  different  directions  from  a  common  point." 

Binomial  Nomenclature. — Since  the  time  of  hiniweus  it  has  been 
the  practice  of  naturalists  to  designate  all  species  by  double  designations,  the 
first  part  of  the  title  indicating  the  genus  to  which  the  animal  belongs, 
whilst  the  second  is  the  proper  or  specific  title.  Thus  the  Dog  is  known 
by  the  **  binomial"  designation  of  Canis familiaris.  The  **girnus"  Cams 
contains  other  species  besides  the  Dog — such  as  the  Wolf  and  Jackal — 
but  the  naiine  /ami/taris  indicates  that  this  title  belongs  to  the  Dog  and  not 
to  cither  of  the  latter.  The  genus  Canis,  again,  belongs  to  the  ^*  family** 
Canidiz,  including  other  genera,  such  as  the  Foxes  ( Vuipes).  The  family 
CaniJa,  further,  is  one  of  a  number  of  families,  such  as  the  Cats  {Felida\ 
the  Bears  {Urstda\  the  Hyaenas  (Hyanida),  &c.,  which  collectively  con- 
stitute the  ^* order"  of  the  Camivora  or  Beasts  of  Prey.  The  Camit'ora, 
again,  constitute  one  of  many  orders  of  quadrupeds,  which  are  distinguished 
by  suckling  their  young  and  by  other  common  characters,  and  which 
collectively  constitute  the  ^* class"  Afammalia.  Finally,  the  Alanimalia 
are  united  with  the  classes  of  the  Birds,  Reptiles,  Amphibians,  and 
Fishes  to  constitute  the  great  primary  division  or  **  sub-kitigdom  "  of  VcrtC' 
h'ota  or  **  Vertebrate  animals  ;"  since  all  these  classes  agree  with  one  an- 
other in  certain  fundamental  points  of  structure. 

Condensing  the  above,  the  name  of  Canis  familiaris,  as  applied  to  the 
D(^,  implies  a  large  amount  of  information  as  to  the  precise  zoological 
position  and  affinities  of  the  animal.  Its  title,  namely,  if  expressed  in  full, 
would  indicate  its  systematic  place  to  be  as  follows  : — 

Sub-kingdom,  Vertebrata. 

Class,  Mammalia, 
Order,  Camivora. 
Family,  Canida:. 
Genus,  Canis. 
Species,  Canis  familiaris. 


II.  Reproduction. 

Reproduction  is  the  process  whereby  new  individuals  are 
generated  and  the  perpetuation  of  the  species  insured.  The 
methods  in  which  this  end  may  be  attained  exhibit  a  good 
deal  of  diversity,  but  they  may  be  all  considered  under  two 

heads. 

1.  Sexual  Reproduction.  —  This  consists  essentially  in  the 
production  of  two  distinct  elements,  a  germ-cell  or  ovum,  and 
a  sperm-cell  or  spermatozoid,  by  the  contact  of  which  the 
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ovum — now  said  to  be  "  fecundated  " — is  enabled  to  develop 
itself  into  a  new  individual.  As  a  rule,  the  germ-cell  is  pro- 
duced by  one  individual  (female)  and  the  spermatic  element 
by  another  (male) ;  in  which  case  the  sexes  are  said  to  be  dis- 
tinct, and  the  species  is  said  to  be  "  dioecious."  In  other 
cases  the  same  individual  has  the  power  of  producing  both  the 
essential  elements  of  reproduction ;  in  which  case  the  sexes 
are  said  to  be  united,  and  the  individual  is  said  to  be  **  her- 
maphrodite," "  androgynous,"  or  "  monoecious."  In  the  case 
of  hermaphrodite  animals,  however,  self-fecundation — contrary 
to  what  might  have  been  expected — rarely  constitutes  the  re- 
productive process ;  and,  as  a  rule,  the  reciprocal  union  of  two 
such  individuals  is  necessary  for  the  production  of  young. 
Even  amongst  hermaphrodite  plants,  where  self-fecundation 
may,  and  certainly  does,  occur,  provisions  seem  to  exist  by 
which  perpetual  self-fertilisation  is  prevented,  and  the  influence 
of  another  individual  secured  at  intervals.*  Amongst  the 
higher  animals  sexual  reproduction  is  the  only  process  whereby 
new  individuals  can  be  generated. 

IL  Non-sexual  Reproduction, — Amongst  the  lower  animals 
fresh  beings  may  be  produced  without  the  contact  of  an  ovum 
and  a  spermatozoid ;  that  is  to  say,  without  any  true  generative 
act.  The  processes  by  which  this  is  effected  vary  in  different 
animals,  and  are  all  spoken  of  as  forms  of  "  asexual "  or 
"  agamic"  reproduction  ("agamogenesis").  As  we  shall  see, 
however,  the  true  **  individual "  is  very  rarely  produced  other- 
wise than  sexually,  and  most  forms  of  agamic  reproduction  are 
really  modifications  of  growth. 

a.  Gemmation  and  Fission. — Gemmation,  or  budding,  con- 
sists in  the  production  of  a  bud,  or  buds,  generally  from  the 
exterior,  but  sometimes  from  the  interior,  of  the  body  of  an 
animal,  which  buds  are  developed  into  independent  beings, 
which  may  or  may  not  remain  permanently  attached  to  the 
parent  organism.  Fission  differs  from  gemmation  solely  in 
the  fact  that  the  new  structures  in  the  former  case  are  pro- 
duced by  a  division  of  the  body  of  the  original  organism  into 
separate  parts,  which  may  remain  in  connection,  or  may  under- 
go detachment. 

*  It  seems  to  have  been  established  as  a  strong  probability  by  Darwin, 
Hildebrandt,  and  Delpino,  that  in  the  great  majortyof  plants  self-fecunda- 
tion never  occurs,  but  the  plant  is  fertilised  by  the  intervention  of  insects. 
Thus,  in  many  plants  the  stamens  and  pistil  arrive  at  maturity  at  different 
times,  whilst  in  others  the  stamens  and  stigma  are  placed  at  different 
heights  in  the  flower,  and  do  not  always  occupy  the  same  position  even  in 
a  single  species. 
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The  simplest  form  of  gemmation,  perhaps,  is  seen  in  the 
power  possessed  by  certain  animals  of  reproducing  parts  of 
their  bodies  which  they  may  have  lost.  Thus,  the  Crustacea 
possess  the  power  of  reproducing  a  lost  limb,  by  means  of  a 
bud  which  is  gradually  developed  till  it  assumes  the  form  and 
takes  the  place  of  the  missing  member.  In  these  cases,  how- 
ever, the  process  is  not  in  any  way  generative,  and  the  pro- 
duct of  gemmation  can  in  no  sense  be  spoken  of  as  a  distinct 
being  (or  zooid). 

Another  form  of  gemmation  may  be  exemplified  by  what 
takes  place  in  the  Foraminifera,  one  of  the  classes  of  the 
Protozoa.  The  primitive  form  of  a  Foraminifer  is  simply  a 
little  sphere  of  sarcode,  which  has  the  power  of  secreting  from 
its  outer  surface  a  calcareous  envelope;  and  this  condition 
may  be  permanently  retained  (as  in  Lagena).  In  other  cases 
a  process  of  budding  or  gemmation  takes  place,  and  the  primi- 
tive mass  of  sarcode  produces  from  itself,  on  one  side,  a  second 
mass  exactly  similar  to  the  first,  which  does  not  detach  itself 
from  its  parent,  but  remains  pennanently  connected  with  it 
This  second  mass  repeats  the  process  of  gemmation  as  before, 
and  this  goes  on — all  the  segments  remaining  attached  to  one 
another — until  a  body  is  produced,  which  consists  of  a  number 
of  little  spheres  of  sarcode  in  organic  connection  with  one 
another,  and  surrounded  by  a  shell,  often  of  the  most  compli- 
cated description.  In  this  case,  however,  the  buds  produced 
by  the  primitive  spherule  are  not  only  not  detached,  but 
they  can  only  remotely  be  regarded  as  independent  beings. 
They  are  generally,  in  all  respects,  identical  with  the  primor- 
dial segment,  and  it  is  rather  a  case  of  "  vegetative  "  repeti- 
tion of  similar  parts. 

Another  form  of  gemmation  is  exhibited  in  such  an  organ- 
ism as  the  common  sea-mat  (Flustra),  which  is  a  composite 
organism  composed  of  a  multitude  of  similar  beings,  each  of 
which  inhabits  a  little  chamber,  or  cell ;  the  whole  forming  a 
structure  not  unlike  a  sea- weed  in  appearance.  This  colony 
is  produced  by  gemmation  from  a  single  primitive  being 
("  polypide  "),  which  throws  out  buds,  each  of  which  repeats 
the  process,  apparently  almost  indefinitely.  All  the  buds  re- 
main in  contact  and  connected  with  one  another,  but  each  is, 
nevertheless,  a  distinct  and  independent  being,  capable  of 
performing  all  the  functions  of  life.  In  this  case,  therefore, 
each  one  of  the  innumerable  buds  becomes  an  independent 
bdngy  similar  to,  though  not  detached  from,  the  organism  which 
gave  it  birth.  This  is  an  instance  of  what  is  called  **  continuous 
gemmation.'' 
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In  other  cases — as  in  the  common  fresh-water  polype  or 
Hydra — the  buds  which  are  thrown  out  by  the  primitive  or- 
ganism become  developed  into  creatures  exactly  resembling 
the  parent,  but,  instead  of  remaining  permanently  attached, 
and  thus  giving  rise  to  a  compound  organism,  they  are  de- 
tached to  lead  an  entirely  independent  existence.  This  is  a 
simple  instance  of  what  is  termed  "  discontinuous  gemmation/' 

The  method  and  results  of  fission  may  be  regarded  as  essen- 
tially the  same  as  in  the  case  of  gemmation.  The  products 
of  the  division  of  the  body  of  the  primitive  organism  may 
either  remain  undetached,  when  they  will  give  rise  to  a  com- 
posite structure  (as  in  many  corals),  or  they  may  be  thrown 
off  and  live  an  independent  existence  (as  in  some  of  the 
Hydrozoa). 

We  are  now  in  a  position  to  understand  what  is  meant, 
strictly  speaking,  by  the  term  "  individual."  In  zoological 
language,  an  individual  is  defined  as  "  equal  to  the  total  result  of 
the  development  of  a  single  ovu?ny  Amongst  the  higher  animals 
there  is  no  difficulty  about  this,  for  each  ovum  gives  rise  to  no 
more  than  one  single  being,  which  is  incapable  of  repeating  it- 
self in  any  other  way  than  by  the  production  of  another  ovum ; 
so  that  an  individual  is  a  single  animal.  It  is  most  important, 
however,  to  comprehend  that  this  is  not  necessarily  or  always 
the  case.  In  such  an  organism  as  the  sea-mat,  the  ovum  gives 
rise  to  a  primitive  polypide,  which  repeats  itself  by  a  process 
of  continuous  gemmation  until  an  entire  colony  is  produced, 
each  member  of  which  is  independent  of  its  fellows,  and  is 
capable  of  producing  ova.  In  such  a  case,  therefore,  the  term 
"  individual "  must  be  applied  to  the  entire  colony,  since  this 
is  the  result  of  the  development  of  a  single  ovum.  The  sepa- 
rate beings  which  compose  the  colony  are  technically  called 
zooids.  In  like  manner  the  Hydra,  which  produces  fresh  and 
independent  Hydrae  by  discontinuous  gemmation,  is  not  an 
**  individual,*'  but  a  zooid.  Here  the  zooids  are  not  perma- 
nently united  to  one  another,  and  the  "  individual "  Hydra 
consists  really  of  the  primitive  Hydra, //wj"  all  the  detached 
Hydrae  to  which  it  gave  rise.  In  this  case,  therefore,  the  "  in- 
dividual "  is  composed  of  a  number  of  disconnected  and  wholly 
independent  beings,  all  of  which  are  the  result  of  the  develop- 
ment of  a  single  ovum.  It  is  to  be  remembered  that  both  the 
parent  zooid  and  the  "  produced  zooids  "  are  capable  of  giving 
rise  to  fresh  Hydrae  by  a  true  generative  process.  It  must 
also  be  borne  in  mind  that  this  production  of  fresh  zooids  by  a 
process  of  gemmation  is  not  so  essentially  different  to  the  true 
sexual  process  of  reproduction  as  might  at  first  sight  appear. 


REPRODUCTION.  33 

since  the  ovum  itself  may  be  regarded  merely  as  a  highly 
specialised  bud.  In  the  Hydra,  in  fact,  where  the  ovum  is  pro- 
duced as  an  external  process  of  the  wall  of  the  body,  this  like- 
ness is  extremely  striking.  The  ovarian  bud,  however,  diflfers 
from  the  true  gemmae  or  buds  in  its  inability  to  develop  itself 
into  an  independent  organism,  unless  previously  brought  into 
contact  with  another  special  generative  element.  The  only 
exceptions  to  this  statement  are  in  the  rare  cases  of  true  "  par- 
thenogenesis," to  be  subsequently  alluded  to. 

b.  Reproduction  by  Internal  Gemmation. — Before  considering  the  pheno- 
mena of  **ahemate  generations,"  it  will  be  as  well  to  glance  for  a  moment 
at  a  peculiar  form  of  gemmation  exhibited  by  some  of  the  Polyzoa,  which 
is  in  some  respects  intermediate  between  ordinary  discontinuous  gemma- 
tion and  alternation  of  generations.  These  organisms  are  nearly  allied  to 
the  sea-mat,  already  spoken  of,  and,  like  it,  can  reproduce  themselves  by 
continuous  gemmation  (forming  colonies),  by  a  true  sexual  process,  and 
rarely  by  fi^ion.  In  addition  to  all  these  methods  they  can  reproduce 
themselves  by  the  formation  of  peculiar  internal  buds,  which  are  called 
"statoblasts."  These  buds  are  developed  upon  a  peculiar  cord,  which 
crosses  the  body-cavity,  and  is  attached  at  one  end  to  the  fundus  of  the 
stomach.  When  mature  they  drop  off  from  this  cord,  and  lie  loose  in  the 
cavity  of  the  body,  whence  they  are  liberated  on  the  death  of  the  parent 
organism.  When  thus  liberated,  the  statoblast,  after  a  longer  or  shoiter 
period,  ruptures  and  gives  exit  to  a  young  Polyzoon,  which  has  essentially 
the  same  structure  as  the  adult.  It  is,  however,  simple,  and  has  to  undergo 
a  process  of  continuous  genunation  before  it  can  assume  the  compound 
form  proper  to  the  adult 

As  regards  the  nature  of  these  singular  bodies,  "the  invariable  absence 
of  germinal  vesicle  and  germinal  spot,  and  their  never  exhibiting  the  phe- 
nomena of  yelk -cleavage,  independently  of  the  conclusive  fact  that  true 
ova  and  ovary  occur  elsewhere  in  the  same  individual,  are  quite  decisive 
against  their  being  eggs.  We  must  then  look  upon  them  as  gemma  pecu- 
liarly encysted,  and  destined  to  remain  for  a  period  in  a  quiescent  or  pupa- 
like state  "  ( AUman). 

c,  AUerfuUion  of  Generations, — In  the  case  of  the  Hydra  and 
the  sea-mat,  which  we  have  considered  above,  fresh  zooids  are 
produced  by  a  primordial  organism  by  gemmation ;  the  beings 
thus  produced  (as  well  as   the  parent)  being  capable  not 
only  of  repeating  the  gemmiparous  process,  but  also  of  pro- 
ducing new  individuals  by  a  true  generative  act.     We  have 
now  to  consider  a  much  more  complex  series  of  phenomena, 
in  which  the  organism  which  is  developed  from  the  primitive 
ovum  produces  by  gemmation  two  sets  of  zooids,  one  of  which 
is  destitute  of  sexual  organs,  and  is  capable  of  performing  no 
other  function  than  that  of  nutrition,  whilst  the  other  is  pro- 
vided with  reproductive  organs,  and  is  destined  for  the  per- 
petuation of  the  species.     In  the  former  case  the  produced 
zooids  all  resembled  each  other,  and  the  parent  organism 
vluch  gave  rise  to  them;  in  the  latter  case,  the  produced 

C 


34  MANUAL  OF  ZOOLOGY. 

zooids  are  often  utterly  unlike  each  other  and  unlike  the 
parent,  since  their  functions  are  entirely  different 

The  simplest  form  of  the  process  is  seen  in  certain  of  the 
Hydroid  Polypes,  such  as  Hydractinia.  The  ovum  of  Hydrac- 
tinia  is  a  free  -  swimming  ciliated  body,  which,  after  a  short 
locomotive  existence,  attaches  itself  to  some  submarine  object, 
develops  a  mouth  and  tentacles,  and  commences  to  produce 
zooids  like  itself  by  a  process  of  continuous  gemmation.  These 
remain  permanently  attached  to  one  another,  with  the  result 
that  a  compound  organism  is  produced,  consisting  of  a  num- 
ber of  zooids,  or  "  polypites,"  organically  connected  together, 
but  enjoying  an  independent  existence.  None  of  the  zooids, 
however,  are  provided  with  sexual  organs ;  and  though  there 
is  theoretically  no  limit  to  the  size  which  the  colony  may  reach 
by  gemmation,  its  buds  are  not  detached,  and  the  species  would 
therefore  die  out,  unless  some  special  provision  were  made  for 
its  preservation.  Besides  these  nutritive  zooids,  however,  other 
buds  are  produced  which  differ  considerably  in  appearance 
from  the  former,  and  which  have  the  power  of  generating  the 
essential  elements  of  reproduction.  These  generative  zooids 
derive  their  nourishment  from  the  materials  collected  by  the 
nutritive  zooids,  but  only  live  until  the  ova  are  matured  in  their 
interior  and  liberated,  when  they  disappear.  The  ova  thus 
produced  become  free-swimming  ciliated  bodies,  such  as  the 
one  with  which  the  cycle  began. 

In  this  case,  therefore,  the  "  individual"  consists  of  a  series 
of  nutritive  zooids,  collectively  called  the  "  trophosome,"  and 
another  series  of  reproductive  zooids,  collectively  called  the 
"  gonosome,"  the  entire  series  remaining  in  organic  connection. 

In  other  Hydroid  Zoophytes  allied  to  the  preceding  (such 
as  Clytia\  the  process  advances  a  step  further.  In  Clytiti  the 
generative  buds,  or  zooids,  do  not  produce  the  reproductive 
elements  as  long  as  they  remain  attached  to  the  parent  colony; 
but  they  require  a  preliminary  period  of  independent  existence. 
For  this  purpose  they  are  specially  organised,  and  when  suffi- 
ciently mature  they  are  detached  from  the  stationary  colony. 
The  generative  zooid  now  appears  as  an  entirely  independent 
being,  described  as  a  species  of  jelly-fish  (or  Medusa).  It  con- 
sists of  a  bell-shaped  disc,  by  means  of  which  it  is  enabled  to 
swim  freely;  from  the  centre  of  this  disc  depends  a  nutritive  pro- 
cess, with  a  mouth  and  digestive  cavity,  whereby  the  organism 
is  able  to  increase  considerably  in  size.  The  substance  of  the 
disc  is  penetrated  by  a  complex  system  of  canals,  and  from  its 
margin  hangs  a  series  of  tentacular  processes.  After  a  period 
of  independent  locomotive  existence,  the  Medusa  attains  its 
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fiiU  growth,  when  it  develops  ova  and  spermatozoa.  By  the 
contact  of  these,  embxyos  are  produced ;  but  these,  instead  of 
resembling  the  jelly-fish  by  which  they  were  immediately  gen- 
erated, proceed  to  develop  themselves  into  the  fixed  Hydroid 
colony  by  which  the  Medusa  was  originally  produced. 

Still  more  extraordinary  phenomena  have  been  discovered 
m  other  Hydrozoa,  as  in  many  of  the  Lucernarida.  In  these 
the  ovum  gives  rise  to  a  locomotive  ciliated  body,  which  ulti- 
mately fixes  itself,  becomes  trumpet-shaped,  and  develops  a 
mouth  and  tentacles  at  its  expanded  extremity,  when  it  is 
known  as  the  "  hydra-tuba,"  from  its  resemblance  to  the  fi-esh- 
water  polype,  or  Hydra.  The  hydra-tuba  has  the  power  of 
multiplying  itself  by  gemmation,  and  it  can  produce  large  col- 
onies in  this  way ;  but  it  does  not  obtain  the  power  of  gener- 
ating the  essential  elements  of  reproduction.  Under  certain 
circumstances,  however,  the  hydra-tuba  enlarges,  and,  after  a 
series  of  preliminary  changes,  divides  by  transverse  fission  into 
a  number  of  segments,  each  of  which  becomes  detached  and 
swims  away.  These  liberated  segments  of  the  little  hydra-tuba 
(it  is  about  half  an  inch  in  height)  now  live  as  entirely  inde- 
pendent beings,  which  were  described  by  naturalists  as  distinct 
animals,  and  were  called  Ephyrae.  They  are  provided  with  a 
swimming-bell,  or  **  umbrella,"  by  means  of  which  they  propel 
themselves  through  the  water,  and  with  a  mouth  and  digestive 
cavity.  They  now  lead  an  active  life,  feeding  eagerly,  and 
attaining  in  some  instances  a  perfectly  astonishing  size  (the 
Medusoids  of  some  species  are  several  feet  in  circumference). 
After  a  while  they  develop  the  essential  elements  of  reproduc- 
tion, and  after  the  fecundation  and  liberation  of  their  ova  they 
die.  The  ova,  however,  are  not  developed  into  the  free-swim- 
ming and  comparatively  gigantic  jelly-fish  by  which  they  were 
immediately  produced,  but  into  the  minute,  fixed,  sexless  hydra- 
tuba. 

We  thus  see  that  a  small  sexless  zooid,  which  is  capable  of 
multiplying  itself  by  gemmation,  produces  by  fission  several 
independent  locomotive  beings,  which  are  capable  of  nourish- 
ing tfiemselves  and  of  performing  all  the  functions  of  life.  In 
these  are  produced  generative  elements,  which  give  rise  by 
their  development  to  the  little  fixed  creature  with  which  the 
series  began. 

To  the  group  of  phenomena  of  which  the  above  are  examples, 
the  name  "  alternation  of  generations  "  was  applied  by  Steen- 
strap ;  but  the  name  is  not  an  appropriate  one,  since  the  pro- 
cess is  truly  an  alternation  of  generation  with  gemmation  or 
The  only  generative  act  takes  place  in  the  reproduc- 
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tive  zooid,  and  the  production  of  this  from  the  nutritive  zooid 
is  a  process  of  gemmation  or  fission,  and  not  a  process  of  gen- 
eration. The  "  individual,"  in  fact,  in  all  these  cases  must  be 
looked  upon  as  a  double  being  composed  of  two  factors,  both 
of  which  lead  more  or  less  completely  independent  lives,  the 
one  being  devoted  to  nutrition,  the  other  to  reproduction.  The 
generative  being,  however,  is  in  many  cases  not  at  first  able  to 
mature  the  sexual  elements,  and  is  therefore  provided  with  the 
means  necessary  for  its  growth  and  nourishment  as  an  inde- 
pendent organism.  It  must  also  be  remembered  that  the 
nutritive  half  of  the  "  individual "  is  usually,  and  the  generative 
half  sometimes,  compound— ihdX  is  to  say,  composed  of  a  num- 
ber of  zooids  produced  by  continuous  gemmation ;  so  that  the 
zoological  individual  in  these  cases  becomes  an  extremely  com- 
plex being. 

These  phenomena  of  so-called  "  alternation  of  generations," 
or  "  metagenesis,'*  occur  in  their  most  striking  form  amongst 
the  Hydrozoa ;  but  they  occur  also  amongst  many  of  the  in- 
testinal worms  (Entozoa),  and  amongst  some  of  the  Tunicata 
(Molluscoida). 

d.  Fartfunogenesis. —  "Parthenogenesis"  is  the  term  employed 
to  designate  certain  singular  phenomena,  resulting  in  the  pro- 
duction of  new  individuals  by  virgin  females  without  the  inter- 
vention of  a  male.  By  Professor  Owen,  who  first  emplpyed  the 
term,  parthenogenesis  is  applied  also  to  the  processes  of  gem- 
mation and  fission,  as  exhibited  in  sexless  beings  or  in  virgin 
females ;  but  it  seems  best  to  consider  these  phenomena  sepa- 
rately. Strictly  the  term  parthenogenesis  ought  to  be  confined 
to  the  production  of  new  individuals  from  virgin  females  by 
means  of  oya^  which  are  enabled  to  develop  themselves  with- 
out the  contact  of  the  male  element.  The  difficulty  in  this 
definition  is  found  in  framing  an  exact  definition  of  an  ovum, 
such  as  will  distinguish  it  from  an  internal  gemma  or  bud.  No 
body,  however,  should  be  called  an  "  ovum  "  which  does  not 
exhibit  a  germinal  vesicle  and  germinal  spot,  and  which  does 
not  exhibit  the  phenomenon  known  as  segmentation  of  the 
yelk.  Moreover,  ova  are  almost  invariably  produced  by  a 
special  organ,  or  ovary. 

As  examples  of  parthenogenesis,  we  may  take  the  cases  of 
the  Plant-lice  (Aphides),  the  Honey-bee,  and  certain  Crustacea; 
though  in  the  case  of  the  first  of  these  it  is  possible  that  the 
phenomena  observed  may  admit  of  explanation  otherwise  than 
as  an  instance  of  parthenogenesis  strictly  so  called. 

The  Aphides,  or  plant-lice,  which  are  so  commonly  found 
parasitic  upon  plants,  are  seen  towards  the  close  of  autumn  to 
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consist  of  male  and  female  individuals.  By  the  sexual  union 
of  these  true  ova  are  produced,  which  remain  dormant  through 
the  winter.  At  the  approach  of  spring  these  ova  are  hatched ; 
but  instead  of  giving  birth  to  a  number  of  males  and  females, 
all  the  young  are  of  one  kind,  variously  regarded  as  neuters, 
virgin  females,  or  hermaphrodites.  Whatever  their  tnie  nature 
may  be,  these  individuals  produce,  viviparously^  a  brood  of 
young  which  resemble  themselves ;  and  this  second  generation, 
in  like  manner,  produces  a  third, — and  so  the  process  may  be 
repeated,  for  as  many  as  ten  or  more  generations,  throughout 
the  summer.  When  the  autumn  comes  on,  however,  the  vivi- 
parous Aphides  produce — in  exactly  the  same  manner — a  final 
brood,  but  this,  instead  of  being  composed  entirely  of  similar 
individuals,  is  made  up  of  males  and  females.  Sexual  union 
now  takes  place,  and  ova  are  produced  and  fecundated  in  the 
ordinary  manner. 

The  viviparous  Aphides  are  either  wingless  or  winged ;  and 
the  number  of  young  produced  is  so  great  that  it  has  been 
calculated  that  a  single  Aphis  might,  in  this  way,  be,  during 
the  summer  months,  and  by  the  time  the  tenth  generation  was 
reached,  the  progenitor  of  no  less  than  one  quintillion  of  indi- 
viduals. Each  viviparous  Aphis  possesses  an  ovary,  which 
only  differs  firom  that  of  the  fertile  females  in  being  without 
certain  secondary  adjuncts.  This  "  pseudovarium  "  produces 
egg-like  bodies  or  "  pseudova,"  which  are  directly  developed 
into  young  Aphides — the  latter  being  thus  produced  by  "  the 
individualisation  of  previously-organised  tissue." 

The  differences  between  the  "  pseudova  "  and  true  ova  are 
in  no  way  anatomical,  but  are  wholly  physiological ;  and  the 
decision  involved  in  the  viviparous  reproduction  of  the  Aphides 
turns  simply  upon  the  question  as  to  whether  the  viviparous 
individuals  pK)ssess,  in  addition  to  the  pseudovarium,  a  testis, 
or  whether  male  organs  are  absent.  Most  observers  maintain 
that  the  viviparous  Aphides  are  wholly  destitute  of  male  organs 
of  reproduction,  in  which  case  the  phenomena  just  described 
can  only  be  explained  as  an  example  of  parthenogenesis.  On 
the  other  hand,  Balbiani  maintains  that  the  viviparous  Aphides 
are  really  hermaphrodite,  in  which  case,  of  course,  the  phe- 
nomena are  of  a  much  less  abnormal  character. 

In  the  second  case  of  alleged  parthenogenesis  which  we  are 
about  to  examine — namely,  in  the  honey-bee — the  phenomena 
which  have  been  described  are  now  generally  accepted  as  free 
from  doubt  A  hive  of  bees  consists  of  three  classes  of  indi- 
viduals— I,  a  "queen,"  or  fertile  female;  2,  the  "workers," 
which  form  the  bulk  of  the  community,  and  are  really  unde- 
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veloped  or  sterile  females;  and,  3,  the  "drones,"  or  males, 
which  are  only  produced  at  certain  times  of  the  year.  We  have 
here  three  distinct  sets  of  beings,  all  of  which  proceed  from  a 
single  fertile  individual ;  and  the  question  arises.  In  what  man- 
ner are  the  diflferences  between  these  produced  ?  At  a  certain 
period  of  the  year  the  queen  leaves  the  hive,  accompanied  by 
the  drones  (or  males),  and  takes  what  is  known  as  her  "nuptial 
flight "  through  the  air.  In  this  flight  she  is  impregnated  by 
the  males ;  and  it  is  immaterial  whether  this  act  occurs  once  in 
the  life  of  the  queen,  or  several  times.  Be  this  as  it  may,  the 
queen,  in  virtue  of  this  single  impregnation,  is  enabled  to  pro- 
duce fresh  individuals  for  a  lengthened  period,  the  semen  of 
the  males  being  stored  up  in  a  receptacle  which  communicates 
by  a  tube  with  the  oviduct,  from  which  it  can  be  shut  off"  at 
will.  The  ova  which  are  to  produce  workers  (undeveloped 
females)  and  queens  (fertile  females)  are  fertilised  on  their 
passage  through  the  oviduct,  the  semen  being  allowed  to 
escape  into  the  oviduct  for  this  purpose.  The  subsequent 
development  of  these  fecundated  ova  into  workers  or  queens 
depends  entirely  upon  the  form  of  the  cell  into  which  the 
ovum  is  placed,  and  upon  the  nature  of  the  food  which  is 
supplied  to  the  larva.  So  far  there  is  no  doubt  as  to  the  nature 
of  the  phenomena  which  are  observed.  It  is  asserted,  how- 
ever, by  Dzierzon  and  Siebold,  that  the  males  or  drones  are 
produced  by  the  queen  from  ova  which  she  does  not  allow  to 
come  into  contact  with  the  semen  as  they  pass  through  the 
oviduct.  This  assertion  is  supported  by  the  fact  that  if  the 
communication  between  the  receptacle  for  the  semen  and  the 
oviduct  be  cut  off",  the  queen  will  produce  nothing  but  males. 
Also,  in  crosses  between  the  common  honey-bee  and  the  Ligu- 
rian  bee,  the  queens  and  workers  alone  exhibit  any  inter- 
mediate characters  between  the  two  forms,  the  drones  present- 
ing the  unmbced  characters  of  the  queen  by  whom  they  were 
produced. 

If  these  observations  are  to  be  accepted  as  established — 
and,  upon  the  whole,  there  can  be  no  hesitation  in  accepting 
them  as  in  the  main  correct — then  the  drones  are  produced 
by  a  true  process  of  parthenogenesis;  but  some  observer? 
maintain  that  the  development  of  any  given  ovum  into  a 
drone  is  really  due — as  in  the  case  of  the  queens  and  workers 
— to  the  special  circumstances  under  which  the  larva  is 
brought  up.* 

*  In  the  case  of  Polistes  Gallicat  Von  Siebold  appears  to  have  proved 
l>eyond  reasonable  doubt  that  the  males  are  produced  by  a  process  of  par- 
thenogenesis.    Landois,  however,  asserts  that  the  eggs  of  insects  are  of  no 
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Among  the  Crustaceans,  parthenogenesis  has  been  estab- 
lished as  occurring  in  some  of  the  water-fleas  (Cladocerd)  and 
in  various  of  the  Phyllopods  {Apusy  Limnadia,  Artemia,  &c.). 
In  these  latter  it  is  the  female  which  is  produced  partheno- 
genetically ;  whereas  in  the  honey-bee  and  in  Polistes  it  is  the 
male. 

There  are  various  other  cases  in  which  parthenogenesis  is 
said  to  occur,  but  the  above  will  suffice  to  indicate  the  general 
character  of  the  phenomena  in  question.  The  theories  of  par- 
thenogenesis appear  to  be  too  complex  to  be  introduced  here; 
and  there  is  the  less  to  regret  in  their  omission,  as  naturalists 
have  not  yet  definitely  adopted  any  one  explanation  of  the 
phenomena  to  the  exclusion  of  the  rest 

From  the  phenomena  of  asexual  reproduction  in  all  its 
forms,  M.  de  Quatrefeges  has  deduced  the  following  general- 
isation : — 

"  The  formation  of  new  individuals  may  take  place,  in  some 
instances,  by  gemmation  from,  or  division  of,  the  parent-being; 
but  this  process  is  an  exhaustive  one,  and  cannot  be  carried 
out  indefinitely.  When,  therefore,  it  is  necessary  to  insure  the 
continuance  of  the  species,  the  sexes  must  present  themselves, 
and  the  germ  and  sperm  must  be  allowed  to  come  in  contact 
with  one  another." 

It  should  be  added  that  the  act  of  sexual  reproduction, 
though  it  insures  the  perpetuation  of  the  species^  is  very  de- 
structive to  the  life  of  the  individual.  The  formation  of  the 
essential  elements  of  reproduction  appears  to  be  one  of  the 
highest  physiological  acts  of  which  the  organism  is  capable, 
and  it  is  attended  with  a  corresponding  strain  upon  the  vital 
energies.  In  no  case  is  this  more  strikingly  exhibited  than  in 
the  case  of  insects,  many  of  which  pass  the  greater  portion  of 
their  existence  in  a  sexually  immature  condition,  and  die  al- 
most immediately  after  they  have  become  sexually  perfect  and 
have  consummated  the  act  whereby  the  perpetuation  of  the 
species  is  secured, 

12.  Development,  Transformation,  and  Metamorphosis. 

Development  is  the  general  term  applied  to  all  those  changes 
which  a  germ  undergoes  before  it  assumes  the  characters  of 
the  perfect  individual ;  and  the  chief  diflferences  which  are  ob- 

sex,  that  sex  b  only  developed  in  the  larva  after  its  emergence  from  the 
egg,  and  that  in  each  individual  larva  the  sex  is  determined  wholly  by  the 
Ratnre  of  the  food  upon  which  it  is  brought  up ;  abundant  nourishment 
producing  females,  and  scanty  diet  giving  rise  to  males. 
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served  in  the  process  as  it  occurs  in  different  animals  consist 
simply  in  the  extent  to  which  these  changes  are  external  and 
visible,  or  are  more  or  less  completely  concealed  from  view. 
For  these  differences  the  terms  "  transformation  "  and  "  meta- 
morphosis" are  employed;  but  they  must  be  regarded  as 
essentially  nothing  more  than  variations  of  development. 

Transformation  is  the  term  employed  by  Quatrefages  to 
designate  "  the  series  of  changes  which  every  germ  undergoes 
in  reaching  the  embryonic  condition ;  those  which  we  observe 
in  every  creature  still  within  the  egg ;  those,  finally,  which  the 
species  born  in  an  imperfectly  developed  state  present  in  the 
course  of  their  external  life." 

Metamorphosis  is  defined  by  the  same  author  as  including 
the  alterations  which  are  "undergone  after  exclusion  from  the 
egg,  and  which  alter  extensively  the  general  form  and  mode  of 
life  of  the  individual." 

Though  by  no  means  faultless,  these  terms  are  sufficiently 
convenient,  if  it  be  remembered  that  they  are  merely  modifi 
cations  of  development,  and  express  differences  of  degree  and 
not  of  kind.  An  insect,  such  as  a  butterfly,  is  the  best  illus- 
tration of  what  is  meant  by  these  terms.  All  the  changes 
which  are  undergone  by  a  butterfly  in  passing  from  the  fecun- 
dated ovum  to  the  condition  of  an  imago,  or  perfect  insect, 
constitute  its  developmmt.  The  egg  which  is  laid  by  a  butter- 
fly undergoes  a  series  of  changes  which  eventuate  in  its  giv- 
ing birth  to  a  caterpillar,  these  preliminary  changes  constitut- 
ing its  transformation.  The  caterpillar  grows  rapidly,  and 
after  several  changes  of  skin  becomes  quiescent,  when  it  is 
known  as  a  "  chrysalis."  It  remains  for  a  longer  or  shorter 
time  in  this  quiescent  and  apparently  dead  condition,  during 
which  period  developmental  changes  are  going  on  rapidly  in 
its  interior.  Finally,  the  chrysalis  ruptures,  and  there  escapes 
firom  it  the  perfect  winged  insect.  To  these  changes  the  term 
metamorphosis  is  rightly  applied.  These  changes,  however,  do 
not  differ  in  kind  from  the  changes  undergone  by  a  Mammal ; 
the  difference  being  that  in  the  case  of  a  Mammal  the  ovum 
is  retained  within  the  body  of  the  parent,  where  it  undergoes 
the  necessary  developmental  changes,  so  that  at  birth  it  has 
little  to  do  but  grow,  in  order  to  be  converted  into  the  adult 
animal. 

From  these  considerations  we  arrive  at  a  second  generalisa- 
tion, which  is  thus  formulated  by  Quatrefages  :  "  Those  crea- 
tures whose  ova — owing  to  an  insufficient  supply  of  nutritious 
contents,  and  an  incapacity  on  the  part  of  the  mother  to  pro- 
vide for  their  complete  development  within'  her  own   sub- 
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stance — are  rapidly  hatched,  give  birth  to  imperfect  offspring, 
which,  in  proceeding  to  their  definitive  characters,  undergo 
several  alterations  in  structiu-e  and  form,  known  as  metamor- 
phoses." 

Retrograde  Development — Ordinarily  speaking,  the  course 
of  development  is  an  ascending  one,  and  the  adult  is  more 
highly  organised  than  the  young ;  but  there  are  cases  in  which 
there  is  an  apparent  reversal  of  this  law,  and  the  adult  is 
to  all  appearance  a  degraded  form  when  compared  with  the 
embryo.  This  phenomenon  is  known  as  "retrograde'*  or 
"recurrent"  development;  and  well -marked  instances  are 
found  amongst  the  Cirripedia  and  Lemseae,  both  of  which  be- 
long to  the  Crustacea. 

Thus,  in  the  Cirripedes  (acorn-shells,  &c.)  and  in  the 
parasitic   Lemaeae  (fig.  2),  the  embryo  is  free-swimming  and 


A  B 

Tvg.  a.^A,  Young  of  one  of  the  parasitic  Crustaceans  {Achtherei\  with  its  swimming- 
paddles  and  eye-spots,  magnified ;  B,  Deformed  ana  swollen  parasitic  adult  of  an- 
other member  of  the  same  group  {J^erruta). 

provided  with  organs  of  vision  and  sensation,  being  in  most 
respects  similar  to  the  permanent  condition  of  certain  other 
Crustacea,  such  as  the  Copepods.  The  adult,  however,  in 
both  cases,  is  degraded  into  a  more  or  less  completely  seden- 
tary animal,  more  or  less  entirely  deprived  of  organs  of  sense, 
and  leading  an  almost  vegetative  life.  As  a  compensation, 
rq)roductive  organs  are  developed  in  the  adult,  and  it  is  in 
this  respect  superior  to  the  locomotive,  but  sexless,  larva. 


13.  Spontaneous  Generation. 

Spontaneous  or  Equivocal  generation  is  the  term  applied  to 
the  alleged  production  of  living  beings  without  the  pre-exist- 
ence  of  germs  of  any  kind,  and  therefore  without  the  pre-exist- 
ence  of  parent  organisms.  The  question  is  one  which  has 
been  long  and  closely  disputed,  and  is  far  firom  being  settled ; 
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so  that  it  will  be  sufficient  to  indicate  the  facts  upon  which  the 
theory  rests. 

If  an  animal  or  vegetable  substance  be  soaked  in  hot  or 
cold  water,  so  as  to  make  an  organic  infusion,  and  if  this  in- 
fusion be  exposed  for  a  sufficient  length  of  time  to  the  air,  the 
following  series  of  changes  is  usually  observed : — 

I.  At  the  end  of  a  longer  or  shorter  time,  there  forms  upon 
the  surface  of  the  infusion  a  thin  scum,  or  pellicle,  which, 
when  examined  microscopically,  is  found  to  consist  of  an  in- 
calculable number  of  extremely  minute  molecules  (fig.  3,  A). 


developed  in  organic  inCusioni,  highly  magnilied.    (After  fieale.) 

2.  In  the  next  stage  these  molecules  appear,  many  of  them, 
to  have  increased  in  size  by  endogenous  division,  till  they 
form  short  staff-shaped  filaments,  called  "  bacteria  "  (fig.  3,  B). 
Others  increase  in  length  by  the  same  process  until  we  get  long 
filamentous  bodies  produced,  which  are  termed  "  vibriones."  * 
Both  the  bacteria  and  the  vibrios  now  exhibit  a  vibratile  or 
serpentine  movement  through  the  surrounding  fluid, 

3.  After  a  varying  period,  the  bacteria  and  vibrios  become 
motionless,  and  disintegrate  so  as  to  produce  again  a  finely 
molecular  pellicle. 

4.  Little  spherical  bodies  may  now  appear,  each  of  which  is 
provided  with  a  vibratile  cilium  with  wliich  it  moves  actively 
through  the  infusion  (Monas  lens). 

5.  Varied  forms  of  ciliated  Infusoria — some  of  which  possess 
a  mouth  and  are  otherwise  highly  organised — may  make  their 
appearance  in  the  fluid. 

The  above  is  the  general  sequence  of  the  phenomena  which 

■  By  some  authorilies  it  is  believed  that  the  bacteria  are  produced  by 
Ihe  fusion  together  of  the  primitive  molecules  in  twos  and  threes  ;  and  thai 
the  vibrios  ate  produced  out  of  the  bacteria  by  the  addition  of  fresh  mole- 
cules to  the  eilremities  of  the  latter,  or  by  their  uniting  with  one  ajiother. 
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have  been  observed,  and  the  following  are  the  two  theories 
which  have  been  advanced  to  account  for  them : — 

a.  By  the  advocates  of  spontaneous  generation,  "Abio- 
genesis"or  "  Heterogeny,"  it  is  affirmed  that  the  Infusoria 
which  finally  appear  in  the  infusion,  are  produced  spontane- 
ously out  of  the  molecular  pellicle,  the  molecules  of  which  are 
also  of  spontaneous  origin,  and  are  not  derived  firom  any  pre- 
existing germs. 

b.  By  the  "  panspermists,"  or  the  opponents  of  spontaneous 
generation,  it  is  alleged,  on  the  other  hand,  that  the  produc- 
tion of  Bacteria,  Vibrios,  Monads,  and  Infusoria,  in  organic 
infusions,  is  due  simply  to  the  fact  that  the  atmosphere,  and 
probably  the  fluid  itself,  is  charged  with  innumerable  germs — 
too  minute,  perhaps,  to  be  always  detectable  by  the  micro- 
scope— which,  obtaining  access  to  the  fluid,  and  finding  there 
favoinable  conditions,  are  developed  into  living  beings. 

A  large  number  of  elaborate  experiments  have  been  carried 
out  to  prove  that  atmospheric  air  is  absolutely  necessary  for 
the  production  of  these  living  beings,  and  that  if  the  air  be 
properly  purified  by  passage  through  destructive  chemical 
reagents,  no  such  organisms  will  be  produced,  provided  that 
the  infiision  have  been  previously  boiled.  As  the  results  of  all 
these  experimental  trials  have  hitherto  proved  more  or  less 
contradictory,  it  is  unnecessary  to  enter  into  the  question 
further,  and  it  will  be  sufficient  to  indicate  the  following 
general  considerations : — 

a.  The  primary  molecules  which  appear  in  the  fluid  are  ex- 
tremely minute,  and  if  they  are  developed  from  germs,  these 
may  be  so  small  as  to  elude  any  power  of  the  microscope  yet 
known  to  us.  As  they  subsequently  become  converted  into 
bacteria  and  vibrios,  and  as  there  can  be  little  dispute  as  to 
these  being  truly  living  organisms,  we  are  obliged  to  believe 
that  they  must  have  had  some  definite  origin.  It  appears, 
however,  to  be  hardly  philosophical  to  assume  that  they  form 
themselves  out  of  the  inorganic  materials  of  the  infusion  ;  since 
this  implies  the  sudden  appearance,  or  creation,  of  new  force, 
for  which  there  seems  to  be  no  means  of  accounting. 

h.  The  nature  of  the  vibrios  must  be  looked  upon  as  un- 
certain. To  say  the  least  of  it,  they  are  quite  as  likely  to  be 
plants  as  animals;  and  the  most  probable  hypothesis  would 
place  them  near  the  filamentous  Confervae,  or  would  regard 
them  as  the  mycelium  of  various  species  of  Moulds  (Penicil- 
Sum).  The  bacteria  are  undoubtedly  of  a  vegetable  nature, 
and  referable  to  the  A/ga. 

c  What  has  been  said  above  with  regard  to  the  origin  of 
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the  bacteria  and  vibrios  applies  equally  to  the  origin  of  the 
Monads,  which  appear  in  the  infusion  subsequently  to  the 
death  of  the  vibrios. 

d.  These  monads,  as  shown  by  recent  researches,  are  pro- 
bably to  be  looked  upon  as,  in  some  cases  at  any  rate,  the 
embryonic,  or  larval,  forms  of  the  higher  Infusoria  which  suc- 
ceed them. 

e.  Many  of  the  Infusoria  which  finally  appear  are  of  a 
comparatively  high  grade  of  organisation,  being  certainly  the 
highest  of  the  Protozoa,  and  being  placed  by  some  competent 
observers  in  the  neighbourhood  of  the  Trematode  Worms 
(Annuloida).  It  is  therefore  very  unlikely  that  these  should 
be  generated  spontaneously ;  since,  if  this  ever  occurs,  it  is 
reasonable  to  suppose  that  the  creatures  thus  produced  will  be 
of  the  lowest  possible  organisation  (such  as  the  Gregarinidae 
or  the  Monera,  for  example),  and  will  be  far  below  the  In- 
fusoria in  point  of  structure. 

/.  The  reproductive  process  in  many  of  these  same  Infusoria 
is  perfectly  well  known,  and  it  consists  either  in  a  true  sexual 
process,  for  which  proper  organs  are  provided  (as  in  Paramoe- 
cium),  or  in  a  process  of  gemmation  or  fission.  It  is  therefore 
improbable  that  they  should  be  generated  in  the  manner  main- 
tained by  the  heterogenists,  since  this  mode  of  reproduction 
would  appear  to  be  superfluous. 

g.  In  the  absence  of  any  direct  proof  to  the  contrary,  it 
is  safer  to  adopt  an  explanation  of  the  observed  phenomena 
which  does  not  have  recourse  to  laws  with  which  we  are  as  yet 
unacquainted.  Thus,  it  is  not  at  variance  with  any  known  law 
to  suppose  that  the  primary  molecules  are  the  result  ot  the 
development  of  germs  which  find  in  the  organic  infusion  a 
suitable ///V///J ;  that  these  primary  molecules  and  the  vibrios 
which  they  produce  are  referable  to  the  Protophyta,  and  should 
probably  be  placed  near  the  filamentous  Confervae ;  that  by 
the  death  of  these  vegetable  organisms  the  fluid  is  prepared 
for  the  reception  and  development  of  the  germs  of  the  Pro- 
tozoa, for  which  the  former  serve  as  pabulum;  and  that  many 
of  the  forms  which  are  observed  are  the  larval  stages  of  the 
higher  Infusoria. 

h.  Recent  researches,  especially  those  of  Dr  Bastian,  have 
established  some  new  facts  as  to  the  possibility  of  spontaneous 
generation,  but  they  can  by  no  means  be  said  to  have  settled 
the  question,  if  only  upon  the  ground  that  they  require  con- 
firmation by  other  experimentalists.  The  chief  fact  which  ap- 
pears to  have  been  established  upon  a  tolerably  firm  basis  is, 
that  living  beings,  vegetable  or  animal,  may  make  their  ap- 
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pearance  in  organic  infusions  which  have  been  subjected  to  a 
temperature  of  considerably  over  the  boiling-point,  even  though 
the  said  infusions  have  been  hermetically  sealed  in  a  flask  from 
which  all  atmospheric  air  has  been  previously  withdrawn.  The 
chief  deduction  which  appears  to  flow  from  this — assuming  its 
correctness — is,  that  there  are  low  organisms  which  can  exist, 
for  a  certain  length  of  time  at  any  rate,  with  an  extremely 
small  amount  of  air ;  for  it  is  to  be  remembered  that  the  pro- 
duction of  a  theoretically  perfect  vacuum  is  probably  practically 
impossible.  If  it  were  conceded,  in  fact,  that  a  perfect  vacu- 
um had  been  formed  in  the  experiments  in  question,  the  sole 
result  would  be  that  we  should  have  to  alter  all  our  beliefs  as 
to  the  conditions  under  which  life  is  a  possibility.  The  only 
tangible  result  of  these  experiments,  so  far,  is,  that  any  sup- 
posed " pre-existent  germs"  must  have  been  contained,  if 
present  at  all,  in  the  infinitesimal  portion  of  air  which  could 
not  be  expelled  from  the  flasks  experimented  on;  or,  they 
must  have  been  able  to  withstand  without  injury  a  tempera- 
ture of  over  212''.  Mr  Crace-Calvert,  indeed,  asserts  that  he 
has  experimentally  shown  that  vibrios  can  survive  exposure  to 
temperature  exceeding  300'  Fahrenheit,  and  Messrs  Dallinger 
and  Drysdale  have  shown  the  same  of  the  germs  of  bacteria. 
Neither  of  these  hypotheses  is  wholly  incredible;  but  the 
question  ought  to  be  regarded  as  still  sub  judue,  and  there  is 
grave  doubt  as  to  the  reliability  and  accuracy  of  the  experi- 
ments above  alluded  to.  Under  any  circumstances,  the  entire 
question  is  one  of  such  complexity  as  to  be  altogether  un- 
suited  for  discussion  here. 

L  Still  more  recent  researches,  carried  out  in  a  series  of 
elaborate  experiments  by  Professor  Tyndall,  have  supplied  us 
with  a  complete  physical  demonstration  that  ordinary  atmo- 
spheric air  is  invariably  charged  with  innumerable  particles  of 
solid  matter,  which  are  so  immeasurably  minute  as  to  be  in- 
capiable  of  detection  by  the  highest  known  powers  of  the 
microscope.  The  same  observer  has  further  shown  that 
vibrios  and  bacteria  are  never  produced  in  organic  infusions, 
which,  subsequent  to  boiling,  are  exposed  only  to  air  from 
which  these  floating  molecules  have  been  completely  removed. 
In  the  fece  of  these  observations,  it  is  difficult  to  see  how  the 
doctrine  of  "  abiogenesis ''  can  maintain  its  ground. 

14.  Origin  of  Species. 

It  is  impossible  here  to  do  more  than  merely  indicate  in  the 
brid!^  manner  the  two  fundamental  ideas  which  are  at  the 
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bottom  of  all  the  various  theories  as  to  the  origin  of  species. 
The  opinions  of  scientific  men  are  still  divided  upon  this  sub- 
ject; and  it  will  be  sufficient  to  give  an  outline  of  the  two 
leading  theories,  without  adducing  any  of  the  reasoning  upon 
which  they  are  based. 

I.  Doctrine  of  Special  Creation, — On  this  doctrine  of  the 
origin  of  species  it  is  believed  that  species  are  immutable  pro- 
ductions, each  of  which  has  been  specially  created  at  some 
point  within  the  area  in  which  we  now  find  it,  to  meet  the 
external  conditions  there  prevailing,  subsequently  spreading 
from  this  spot  as  far  as  the  conditions  of  life  were  suitable 
for  it. 

IL  Doctrine  of  Development, — On  the  other  hand,  it  is  be- 
lieved that  species  are  not  permanent  and  immutable,  but  that 
they  "  undergo  modification,  and  that  the  existing  forms  of  life 
are  the  descendants  by  true  generation  of  pre-existing  forms" 
(Darwin). 

On  Lamarck's  theory  of  the  development  of  species,  the 
means  of  modification  were  ascribed  to  the  action  of  external 
physical  agencies,  the-inter-breeding  of  already  existing  forms, 
and  the  effects  of  habit. 

The  doctrine  of  the  development  of  species  by  variation  and 
natural  selection  —  propounded  by  Darwin,  and  commonly 
known  as  the  Darwinian  theory — is  based  upon  the  following 
fundamental  propositions : — 

1.  The  progeny  of  all  species  of  animals  and  plants  exhibit 
variations  amongst  themselves  in  all  parts  of  their  organisation, 
no  two  individuals  being  exactly  and  in  all  respects  alike.  In 
other  words,  in  every  species  the  individuals,  whilst  inheriting 
a  general  likeness  to  their  progenitors,  tend  by  variation  to 
diverge  from  the  parent-type  in  some  particular  or  other. 

2.  Variations  arising  in  any  part  of  the  organism,  however 
minute,  may  be  transmitted  to  future  generations,  under  certain 
definite  and  discoverable  laws  of  inheritance. 

3.  By  "  artificial  selection,"  or  by  breeding  from  individuals 
possessing  any  particular  variation,  man,  in  successive  genera- 
tions, can  produce  a  breed  in  which  the  variation  will  be  per- 
manent, the  divergence  from  the  parent-type  being  usually 
intensified  by  the  process  of  inter-breeding.  The  races  thus 
artificially  produced  by  men  are  often  as  widely  different  as  are 
distinct  species  of  wild  animals. 

4.  The  world  in  which  all  living  beings  are  placed  is  one 
not  absolutely  unchanging,  but  is  liable,  on  the  contrar}',  to 
subject  them  to  very  varying  conditions. 

5.  All  animals  and  plants  give  rise  to  more  numerous  young 
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than  can  by  any  possibility  be  preserved,  each  species  tending 
to  increase  in  numbers  in  a  geometrical  progression. 

6.  As  these  young  are  none  of  them  exactly  alike  in  all 
respects,  a  process  of  "  Natural  Selection  "  will  ensue,  whereby 
those  individuals  which  possess  any  variation,  however  slight, 
favourable  to  the  peculiarities  of  the  life  of  the  species,  will 
tend  to  be  preserved.  Those  individuals,  on  the  other  hand, 
which  do  not  possess  any  such  favourable  variation,  will  be 
placed  at  a  disadvantage  in  the  **  struggle  for  existence,"  and 
will  tend  to  be  gradually  exterminated.  The  individuals,  there- 
fore, composing  any  species  are  thus  subjected  to  a  rigid  pro- 
cess of  sifting,  by  which  those  least  adapted  to  their  environ- 
ment are  being  perpetually  weeded  out,  whilst  "the  survival  of 
the  fittest"  is  secured. 

7.  Other  conditions  remaining  the  same,  the  individuals  which 
survive  in  the  struggle  for  existence  will  transmit  the  variations 
to  which  they  owe  their  preservation,  to  future  generations. 

8.  By  a  repetition  of  this  process,  "varieties"  are  first 
established ;  these  become  permanent,  and  "  races  "  are  pro- 
duced ;  finally,  in  the  lapse  of  time,  the  differences  thus  caused 
become  sufficiently  marked  to  constitute  distinct  "  species." 

9.  If  we  grant  that  past  time  has  been  practically  infinite, 
it  is  conceivable  that  all  the  different  animals  and  plants 
which  we  see  at  present  upon  the  globe,  may  have  been 
produced  by  the  action  of  Natural  Selection  upon  the  off- 
ering of  a  few  primordial  forms,  or,  it  may  be,  of  a  single 
primitive  being. 

Originally,  Mr  Darwin  appears  to  have  believed  that 
"  Natural  Selection "  would  alone  be  found  to  be  a  sufficient 
cause  to  have  given  rise  to  all  existing  species  by  a  process  of 
Evolution  from  pre-existing  forms.  In  view,  however,  of 
certain  objections  which  had  been  brought  forward,  Mr 
Darwin  seems  to  have  abandoned  this  position ;  and  a  cause 
supplementary  to  "  Natural  Selection  "  was  sought  for  in  what 
Mr  Darwin  terms  "  Sexual  Selection."  The  action  of  Sexual 
Selection  in  a  supposed  process  of  Evolution,  according  to 
Mr  Darwin's  views,  may  be  stated  in  the  following  two  pro- 
positions : — 

a.  The  males  of  many  species  of  animals  are  known  to 
engage  in  very  severe  contests  for  the  possession  of  the 
females,  these  latter  yielding  themselves  to  the  victor.  In 
Sttch  contests  certain  males  will  inevitably  have  certain  advan- 
tages over  the  others,  either  in  point  of  strength  or  activity, 
or  in  consequence  of  the  possession  of  more  efficient  offensive 
weapons.     There  will  therefore  always  be  a  probability  that 
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certain  males  will  get  possession  of  the  females  in  preference 
to  others :  and  thus  there  will  be  a  tendency  in  the  individuals 
of  many  species  of  animals  to  secure  a  preponderance  of  off- 
spring from  the  strongest  males.  The  peculiarities  which 
enable  certain  males  to  succeed  in  these  contests  will,  cateris 
paribus^  be  transmitted  to  their  male  offspring,  and  in  this 
way  variations  may  be  perpetuated,  initiated,  or  intensified. 

^.  In  the  preceding  cases,  the  females  are  believed  to  be 
perfectly  passive,  and  the  selection  is  a  "natural"  one,  the 
final  result  depending  solely  upon  the  natural  advantages 
which  certain  males  possess  over  others  in  actual  combat 
It  is  alleged,  however,  that  there  are  other  cases  in  which  the 
selection  is  truly  **  sexual,"  since  its  result  is  determined  by 
spontaneous  preference,  and  not  by  brute  force  alone.  It  is 
asserted,  namely,  that  among  certain  species  of  animals,  the 
females  exercise  a  free  choice  as  to  the  particular  male  with 
which  they  will  pair ;  the  males  being  passive  agents  in  the 
matter,  except  in  so  far  as  each  uses,  or  may  use,  his  utmost 
exertions  to  secure  that  the  choice  of  the  female  may  fall  upon 
him.  The  circumstances  supposed  to  influence,  and  ulti- 
mately determine,  the  choice  of  the  female,  are  of  course,  in 
the  main,  the  personal  attractions  of  some  particular  male,  the 
female  being  captivated  by  some  "beauty  of  form,  colour, 
odour,  or  voice,"  which  such  a  male  may  possess. 

If  it  be  admitted  that  the  females  of  some  of  the  lower 
animals  have  the  power  of  expressing  and  exercising  a  pref- 
erence in  the  manner  above  indicated,  then  it  is  easy  to 
understand  how  variations  might  be  transmitted  or  intensi- 
fied in  this  way.  The  male  who  is  most  attractive  to  the 
female  will,  other  things  being  equal,  have  the  best  chance 
of  propagating  his  species,  and  is  likely  to  leave  the  largest 
number  of  descendants.  His  male  offspring  will  inherit  the 
peculiarities  by  which  their  sire  was  rendered  pre-eminently 
attractive  in  the  eyes  of  their  mother,  and  thus  a  well-marked 
breed  might  be  produced,  by  the  preservation  or  intensifica- 
tion of  characters  of  this  nature.  Mr  Darwin  is  disposed  to 
believe  that  colour  and  song  in  most,  if  not  in  all  animals,  are 
thus  to  be  ascribed  to  the  action  of  Sexual  Selection,  through 
numerous  successive  generations;  but  other  competent  author- 
ities are  unable  to  concur  in  this  view. 

15.  Distribution. 

Under  this  head  come  all  the  facts  which  are  concerned  with 
'  the  external  or  objective  relations  of  animals — that  is  to  say, 
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their  relations  to  the  external  conditions  in  which  they  are 
placed. 

The  ^graphical  distribution  of  animals  is  concerned  with 
the  determination  of  the  areas  within  which  every  species  of 
animal  is  at  the  present  day  confined.  Some  species  are  found 
almost  everywhere,  when  they  are  said  to  be  "  cosmopolitan ; " 
but,  as  a  rule,  each  species  is  confined  to  a  limited  and  definite 
area.  Not  only  are  species  limited  in  their  distribution,  but  it 
is  possible  to  divide  the  globe  into  a  certain  number  of  geo- 
graphical regions  or  "  zoological  provinces,"  each  of  which  is 
characterised  by  the  occurrence  in  it  of  certain  associated  forms 
of  animal  life. 

The  geographical  distribution  of  land  animals  is  conditioned 
partly  by  the  existence  of  suitable  surroundings,  and  partly  by 
the  presence  of  barriers  preventing  migrations.  Thus,  certain 
contiguous  regions  might  be  equally  suitable  for  the  existence 
of  the  same  animals,  but  they  might  belong  to  different  zoolo- 
gical provinces  if  separated  by  any  impassable  barrier,  such  as 
a  lofty  chain  of  mountains.  Owing  to  their  power  of  flight,  the 
geographical  distribution  of  birds  is  much  less  limited  than 
that  of  mammals ;  and  many  migratory  birds  may  be  said  to 
belong  to  two  zoological  provinces.  In  spite  of  their  powers  of 
locomotion,  however,  birds  are  limited  by  the  necessities  of 
their  life  to  definite  areas,  and  a  zoological  province  may  be 
marked  by  its  birds  just  as  well  as  by  its  quadrupeds. 

The  geographical  distribution  of  an  animal  at  the  present 
day  by  no  means  necessarily  coincides  with  its  former  exten- 
sion in  space.  Many  species  are  known  which  now  occupy  a 
much  more  restricted  area  than  they  did  formerly,  owing  to 
changes  in  climate,  the  agency  of  man,  or  other  causes.  Simi- 
larly, there  are  species  whose  present  area  is  much  wider  than 
it  was  originally. 

At  the  present  day,  naturalists  usually  adopt  either  the  zoolo- 
gical provinces  proposed  by  Prof.  Huxley,  or  those  proposed  by 
Mr  Sclater,  both  arrangements  possessing  certain  features  in 
common.  Prof.  Huxley  proposes  to  divide  the  earth's  surface 
into  four  primary  zoological  provinces,  as  follows,  each  pos- 
sessing its  own  *' fauna,''  or  characteristic  assemblage  of 
animals : — 

L  OrnithogcBay  or  the  Novo-Zelaman  Province^  comprising 
only  New  Zealand. 

II.  Antarctagaa^  or  the  Australian  Province^  comprising 
Australia,  Tasmania,  and  the  Negrito  Islands. 

III.  Dendrcgaa^  or  the  Austro- Columbian  Prmnnce^  includ- 
ing Sooth  America,  Central  America,  and  Mexico. 
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IV.  Arctogaa,  including  all  the  rest  of  the  world,  and  having 
as  sub-provinces, — 

1.  North  America,  north  of  Mexico. 

2.  Africa,  south  of  the  Sahara. 

3.  Hindostan. 

4.  The  remainder  of  the  Old  World  (Europe,  Africa 

north  of  the  Sahara,  Asia  generally,  but  without 

Hindostan,  &c.) 
Mr  Sclater,  basing  his  arrangement  primarily  on  the  distri- 
bution of  birds,  divides  the  earth's  surface  into  the  following 
six  provinces : — 

1.  The  Palaarctic  Province^  including  Europe,  Africa  north 
of  the  Atlas  Mountains,  and  Northern  Asia. 

2.  The  /Ethiopian  Province^  including  Africa  south  of  the 
Atlas  Mountains,  and  Southern  Arabia. 

3.  The  Indian  Province^  including  Asia  south  of  the  Hima- 
laya Mountains,  Southern  China,  and  the  Indian  Archipelago. 

4.  The  Australian  Province,  including  Australia,  Tasmania, 
New  Guinea,  New  Zealand,  and  a  large  proportion  of  the 
islands  of  the  Pacific  Ocean. 

5.  The  Near  die  Proi'ince,  including  North  America  down  to 
the  centre  of  Mexico. 

6.  The  Neotropical  Province,  including  the  whole  of  South 
America,  Central  America,  and  Southern  Mexico. 

The  vertical  or  bathy metrical  distribution  of  animals  relates 
to  the  limits  of  depth  within  which  each  marine  species  of 
animals  is  confined.  As  a  rule  it  is  found  that  each  species 
has  its  own  definite  bathymetrical  zone,  and  that  its  existence 
is  difficult  or  impossible  at  depths  greater  or  less  than  those 
comprised  by  that  zone.  Generalising  on  a  large  number  of 
facts,  naturalists  have  been  able  to  lay  down  and  name  certain 
definite  zones,  each  of  which  has  its  own  special  fauna. 

The  four  following  zones  are  those  generally  accepted  : — 

1.  The  Littoral  zone,  or  the  tract  between  tide-marks. 

2.  The  Laminarian  zone,  from  low  water  to  15  fathoms. 

3.  The  Coralline  zone,  from  15  to  50  fathoms. 

4.  The  deep-sea  Coral  zone,  50  to  100  fathoms  or  more. 

5.  To  these  must  now  be  certainly  added  a  fifth  or  "  Abys- 
sal'' zone,  extending  from  100  fathoms  to  a  depth  of  3000  or 
4000  fathoms. 

Recent  researches,  however,  have  rendered  it  certain  that 
after  a  certain  depth,  say  100  fathoms,  the  bathymetrical  dis- 
tribution of  animals  is  conditioned  not  by  the  depths  but  by 
the  temperature  of  the  water  at  the  bottom  of  the  sea.  Similar 
forms,  namely,  are  always  found  inhabiting  areas  in  which  the 
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boltom-temperature  is  the  same,  wholly  irrespective  *  of  the 
depth  of  water  in  the  particular  locality  in  question.  The 
supply  of  food,  also,  and  the  nature  of  the  habitat,  are  im- 
portant elements  of  the  case.  In  the  light,  therefore,  of  these 
recent  facts,  it  would  perhaps  be  advisable  to  adopt  the  views 
of  Dr  Gwyn  Jeffreys,  and  to  consider  that  there  are  only  two 
principal  bathymetrical  zones — namely,  the  littoral  and  the 
submarine. 

In  addition  to  the  preceding  forms  of  distribution,  the 
zoologist  has  to  investigate  the  condition  and  nature  of  animal 
life  during  past  epochs  in  the  history  of  the  world. 

The  laws  of  distribution  in  time^  however,  are,  from  the  na- 
ture of  the  case,  kss  perfectly  known  than  are  the  laws  of 
lateral  or  vertical  distribution,  since  these  latter  concern 
beings  which  we  are  able  to  examine  directly.  The  following 
are  the  chief  facts  which  it  is  necessary  for  the  student  to  bear 
in  mind  : — 

1.  The  rocks  which  compose  the  crust  of  the  earth  have 
been  formed  at  successive  periods,  and  may  be  roughly  divided 
into  aqueous  or  sedimentary  rocks,  and  igneous  rocks. 

2.  The  igneous  rocks  are  produced  by  the  agency  of  heat, 
are  mostly  unst ratified  {i.e.,  are  not  deposited  in  distinct  layers 
or  strata),  and,  with  few  exceptions,  are  destitute  of  any  traces 
of  past  life. 

3.  The  sedimentary  or  aqueous  rocks  owe  their  origin  to 
the  action  of  water,  are  stratified  {i.e.,  consist  of  separate  layers 
or  strata),  and  mostly  exhibit  "  fossils " — that  is  to  say,  the 
remains  or  traces  of  animals  or  plants  which  were  in  existence 
at  the  time  when  the  rocks  were  deposited. 

4.  The  series  of  aqueous  rocks  is  capable  of  being  divided 
mto  a  number  of  definite  groups  of  strata,  which  are  technically 
called  "  formations." 

5.  Each  of  these  definite  rock  groups,  or  "  formations,"  is 
characterised  by  the  occurrence  of  an  assemblage  of  fossil 
remains  more  or  less  peculiar  and  confined  to  itself. 

6.  The  majority  of  these  fossil  forms  are  "  extinct " — that  is 
to  say,  they  do  not  admit  of  being  referred  to  any  species  at 
present  existing. 

7.  No  fossil,  however,  is  known,  which  cannot  be  referred 
to  one  or  other  of  the  primary  subdivisions  of  the  Animal 
Kingdom  which  are  represented  at  the  present  day. 

8.  When  a  species  has  once  died  out,  it  never  reappears. 

19.  The  older  the  formation,  the  greater  is  the  divergence 
between  its  fossils  and  the  animals  and  plants  now  existing  on 
the  globe. 
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10.  All  the  known  formations  are  divided  into  three  great 
groups,  termed  respectively  Palaeozoic  or  Primary,  Mesozoic 
or  Secondary,  and  Kainozoic  or  Tertiary. 

The  Palaeozoic  or  Ancient-life  period  is  the  oldest,  and  is 
characterised  by  the  marked  divergence  of  the  life  of  the  period 
from  all  existing  forms. 

In  the  Mesozoic  or  Middle-life  period,  the  general  fades  of 
the  fossils  approaches  more  nearly  to  that  of  our  existing  fauna 
and  flora ;  but-=-with  very  few  exceptions — the  characteristic 
fossils  are  all  specifically  distinct  from  all  existing  forms. 

In  the  Kainozoic  or  New-life  period,  the  approximation  of 
the  fossil  remains  to  existing  living  beings  is  still  closer,  and 
some  of  the  forms  are  now  specifically  identical  with  recent 
species ;  the  number  of  these  increasing  rapidly  as  we  ascend 
from  the  lowest  Kainozoic  deposit  to  the  Recent  period. 

Subjoined  is  a  table  giving  the  more  important  subdivisions 
of  the  three  great  geological  periods,  commencing  with  the 
oldest  rocks  and  ascending  to  the  present  day  (fig.  4). 

I.  Palaeozoic  or  Primary  Rocks. 

1.  Laurentian.     (Lower  and  Upper.) 

2.  Cambrian.     (Lower  and  Upper,  with  Huronian  rocks  ?) 

3.  Silurian.     (Lower  and  Upper.) 

4.  Devonian,  or  Old  Red  Sandstone.  (Lower,  Middle,  and 
Upper.) 

5.  Carboniferous.  (Mountain-limestone,  Millstone  grit,  and 
Coal-measures.) 

6.  Permian.  ( =  the  lower  portion  of  the  New  Red  Sand- 
stone.) 

II.  Mesozoic  or  Secondary  Rocks. 

7.  Triassic  Rocks.  (Bunter  Sandstein,  or  Lower  Trias ; 
Muschelkalk,  or  Middle  Trias;  Keuper,  or  Upper  Trias.) 

8.  Jurassic  Rocks.  (Lias,  Inferior  Oolite,  Great  Oolite, 
Oxford  Clay,  Coral  Rag,  Kimmeridge  Clay,  Portland  Stone, 
Purbeck  beds.) 

9.  Cretaceous  Rocks.  (Wealden,  Lower  Greensand,  Gault, 
Upper  Greensand,  White  Chalk,  Maestricht  beds.) 

in.  Kainozoic  or  Tertiary  Rocks. 

10.  Eocene.     (Lower,  Middle,  and  Upper.) 

11.  Miocene.     (Lower  and  Upper.) 

12.  Pliocene.     (Older  Pliocene  and  Newer  Pliocene.) 

13.  Post-tertiary.     (Post-pliocene  and  Recent.) 
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CHAPTER    I. 

I.  General  Characters  of  the  Protozoa. 
2.  Classification.     3.  GREOARiNiDiC. 

I.  Getieral  Characters, — The  sub-kingdom  Protozoa^  as  the 
name  implies,  includes  the  most  lowly  organised  members  of 
the  animal  kingdom.  From  this  circumstance  it  is  difficult,  if 
iTot  impossible,  to  give  an  exhaustive  definition,  and  the  fol- 
lowing is,  perhaps,  as  exact  as  the  present  state  of  our  know- 
ledge will  allow : — 

The  Protozoa  may  be  defined  as  animals,  generally  of  minute 
size,  composed  of  a  nearly  or  altogether  structureless  jelly-like  sub- 
stance {termed  **  sarcode*^),  showing  no  composition  out  of  definite 
parts  or  segments,  having  no  definite  body-cavity,  presenting  no 
traces  of  a  lurvous  system,  and  having  either  no  differentiated 
alimentary  apparatus,  or  but  a  very  rudimentary  one. 

The  Protozoa  are  almost  exclusively  aquatic  in  their  habits, 
and  are  mostly  very  minute,  though  they  sometimes  form 
colonies  of  considerable  size.  They  are  composed  of  the  more 
or  less  contractile,  jelly-like  substance,  known  as  "  sarcode  "  or 
''  protoplasm,"  which  is  semi-fluid  in  consistence,  and  is  com- 
posed of  an  albuminous  base  with  oil-globules  scattered  through 
it.  Granules  are  generally  developed  in  the  sarcode,  and  in 
many  cases  there  is  a  definite  internal  solid  particle,  termed 
the  "  nucleus." 

In  most  of  the  Protozoa  the  protoplasm,  whether  forming  a 
single  mass,  or  constituted  by  an  aggregation  of  many  such 
masses,  is  not  surrounded  by  a  definite  outer  envelope.  In 
other  cases,  however  {Infusoria),  such  an  outer  envelope  exists 
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and  a  central "  nucleus  "  is  present,  when  the  organism  may  be 
compared  with  a  single  **  cell "  in  one  of  the  higher  animals. 

In  no  Protozoan  are  any  traces  known  of  anything  like  the 
nervous  and  vascular  arrangements  which  are  found  in  animals 
of  a  higher  grade.  A  nervous  system  is  universally  and  en- 
tirely absent,  and  the  sole  circulatory  apparatus  consists  in 
certain  clear  spaces  called  "contractile  vesicles,"  which  are 
found  in  some  species,  and  which  doubtfully  perform  the 
functions  of  a  heart.  A  distinct  alimentary  aperture  is  present 
in  the  higher  Protozoa^  but  in  many  there  is  none ;  and  in  all, 
the  digestive  apparatus  is  of  the  simplest  character.  Organs 
of  generation,  or  at  any  rate  differentiated  portions  of  the 
body  which  act  as  these,  are  sometimes  present ;  but  in  many 
cases  true  sexual  reproduction  has  not  hitherto  been  shown  to 
exist. 

The  "sarcode,"  which  forms  such  a  distinctive  feature  in 
all  the  Protozoa,  is  a  structureless  albuminous  substance,  not 
possessing  "  permanent  distinction  or  separation  of  parts,"  but 
nevertheless  displaying  all  **  the  essential  properties  and  char- 
acters of  vitality,"  being  capable  of  assimilation  and  excretion, 
of  irritability  and  of  the  power  of  contraction,  so  as  to  produce 
movements,  strictly  analogous,  in  many  cases,  to  the  muscular 
movements  of  the  higher  animals.  In  some,  too,  the  sarcode 
possesses  the  power  of  producing  an  external  case  or  envelope, 
usually  of  carbonate  of  lime  or  flint,  and  often  of  a  very  com- 
plicated and  mathematically  regular  structure. 

The  power  of  active  locomotion  is  enjoyed  by  a  great  many 
of  the  Protozoa ;  but  in  some  cases  this  is  very  limited,  and 
in  other  cases  the  animal  is  permanently  fixed  in  its  adult 
condition.     The  apparatus  of  locomotion  in  the  Protozoa  is  of 
a  very  varied  nature.     In  many  cases,  especially  in  the  higher 
forms,  movements  are  effected  by  means  of  the  little  hair-like 
processes  which  are  known  as  "cilia,"  and  which  have  the 
power  of  lashing  to  and  fro  or  vibrating  with  great  rapidity. 
In  other  cases  the  cilia  are  accompanied  or  replaced  by  one  or 
more  long  whip-like  bristles,  which  act  in  the  same  fashion, 
and  are  known  as  "  flagella."    The  most  characteristic  organs 
of  locomotion   amongst  the  lower  Protozoa  are  known  as 
"pseudopodia,"  and  consist  simply  of  prolongations  of  the 
saicodic  substance  of  the  body,  which  can  usually  be  emitted 
from  the  greater  portion  of  the  general  surface  of  the  body, 
and  are  capable  of  being  again  retracted,  and  of  fusing  com- 
pletely with  the  body-substance. 

2.  Classification  of  the  Protozoa. — The  sub-kingdom  Protozoa 
is  divided  into  three  classes — ^viz.,  the  Gregarinida,  the  Rhizo- 
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poda^  and  the  Infusoria,  In  the  Infusoria  only  is  a  mouth 
present,  and  hence  these  are  sometimes  spoken  of  as  the 
"  Stomatode^^  Protozoa^  whilst  the  two  former  classes  collec- 
tively constitute  the  "  Astomata,^ 

The  following  is  a  tabular  view  of  the  divisions  of  the 
Protozoa : — 

Class   I.    GREGARINIDiC 

Class  II.  Rhizopoda. 


Order 

I. 

Mofura, 

)> 

2. 

Amabea, 

» 

3- 

Foramtnifera, 

)) 

4. 

Radiolaria, 

» 

5- 

Spongida. 

ass  III.  '. 

Infusoria. 

Order 

I. 

Sudoria, 

>» 

2. 

Ciliata. 

i> 

3- 

Flagellata, 

3.  Class  I.  GRECARiNiDiE. — The  Gregarinida  may  be  de* 
fined  as  parasitic  Protozoa^  which  are  destitute  of  a  tnauth^  and 
do  not  possess  the  power  of  emitting  ^'^ pseudopodiaP  They  con- 
stitute the  lowest  class  of  the  Protozoa^  and  comprise  certain 
microscopic  animals  which  are  parasitic  in  the  alimentary  cana) 
of  both  Invertebrate  and  Vertebrate  animals.  They  have, 
however,  a  special  liking  for  the  intestines  of  certain  insects, 
being  commonly  found  abundantly  in  the  cockroach.  As 
we  shall  see  hereafter,  in  all  probability  a  great  deal  tA  the 
degraded  character  of  the  Gregarinidoi  is  due  to  the  fact  that 
they  are  internal  parasites,  and  are  therefore  not  dependent 
upon  their  own  exertions  for  food. 

Nothing  anatomically  could  be  more  simple  than  the  struc- 
ture of  a  Gregarina^  since  it  is  almost  exactly  that  of  a  cell, 
such  as  the  impregnated  ovum  (fig.  5,  b).  An  adult  Gregarina, 
in  fact,  may  be  said  to  be  a  single  cell,  consisting  of  an  ill-de- 
fined membranous  envelope  filled  with  a  more  or  less  granular 
sarcode  with  fatty  particles,  and  sometimes  differentiated  into 
a  distinct  contractile  "  cortical  layer,'*  which  contains  in  its  in- 
terior a  vesicular  nucleus,  this  in  turn  enclosing  a  solid  particle, 
or  nucleolus.  In  some  the  body  exhibits  an  approach  to  a  more 
complex  structure  by  the  presence  of  internal  septa ;  but  it  is 
doubtful  whether  this  appearance  may  not  be  due  to  the  appo- 
sition and  fusion  of  two  separate  individuals.    A  separate  order, 
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however,  has  been  founded  upon  individuals  of  this  kind,  under 
the  name  ofDUytHdea;  the  name  Monocystidea  being  retained 
for  the  ordinary  forms.  As  regards  the  size  of  the  Gr^arina, 
they  vary  from  about  the  size  of  the  head  of  a  small  pin  up 
to  as  much  as  half  an  inch  in  length,  when  they  assume  the 
aspect  of  small  worms.  The  integument  or  cuticle  with  which 
the  protoplasmic  body  is  enclosed  may  be  quite  smooth  or 
striated,  or  it  may  be  furnished  with  bristles  or  spines,  or  even 
in  some  cases  with  cilia.  Sometimes  one  end  of  the  body  is 
furnished  with  uncinate  processes,  very  similar  in  appearance 
to  the  hooked  "head"  of  the  common  tape-worm  {Taiiia 
mlium).  Essentially,  however,  the  structure  of  all  appears  to 
be  the  same.  No  differentiated  organs  of  any  kind  beyond 
the  nucleus  and  nucleolus  exist,  and  both  assimilation  and 
Hcietion  must  be  performed  simply  by  the  general  surface  of 
the  body.     TJie    body  is,  nevertheless,  contractile,  and  slow 


novements  can  be  effected,  not,  however,  by  pseudopodia. 
Hakel  r^ards  the  Gregarinat  as  Amxba  which  have  become 
generate  by  parasitism ;  but  this  opinion  is  rejected  by  Van 
«neden,  and   their   apparently  unicellular    structure  would 
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rather  lead  us  to  place  them  in  the  neighbourhood  of  the 
Infusoria.  The  presence  of  muscular  fibres  in  the  cortical 
layer  will  also  support  the  view  that  they  should  be  associated 
with  the  Infusorian  animalcules. 

In  spite  of  their  exceedingly  simple  structure,  the  following  very  in- 
teresting reproductive  phenomena  have  been  observed  sometimes  in  a 
single  Gregarina  without  apparent  cause,  sometimes  as  the  result  of  the 
apposition  and  coalescence  of  two  individuals — the  exact  nature  of  the 
process  being  in  either  case  obscure.  In  some  species  conjugation  is  in* 
variable  ;  in  others  it  never  occurs  ;  and  it  may  take  place  either  by  anal- 
o^us  or  by  opposite  extremities.  The  Gregarina — or  it  may  be  two  in- 
dividuals which  have  come  into  contact  and  adhered  together — assumes  a 
globular  form,  becomes  motionless,  and  develops  roimd  itself  a  structure^ 
less  envelope  or  cyst,  when  it  is  said  to  be  "encysted*'  (fig.  5,  c\.  The 
central  nucleus  then  disappears,  apparently  by  dissolution,  whereupon 
the  granular  contents  of  the  cyst  break  up  into  a  number  of  little  rounded 
masses,  which  gradually  elongate  and  become  lanceolate,  when  they  are 
termed  **  pseudonavicellae  "  (or  "pseudonaviculae,"  fig.  5,  </).  The  next 
step  in  the  process  consists  in  the  liberation  of  the  pseudonavicellae,  which 
escape  by  the  rupture  of  the  enclosing  c)-st  (fig.  5,  e).  If  they  now  find  a 
congenial  habitat,  they  give  origin  to  little  albuminous  or  sarcodic  masses, 
which  exhibit  lively  movements,  and  are  endowed  with  the  power  of 
throwing  out  and  retracting  little  processes  of  the  body  which  closely 
resemble  the  '*pseudoi)odia"  of  the  Rhisopoda;  so  that  the  pseudona- 
vicella  in  this  condition  is  very  similar  to  an  adult  Amoeba  (fig.  5,  f^  g.  A). 
Finally,  these  amoebiform  bodies  are  developed  into  adult  Gregarifiet. 
It  will  be  seen  from  the  above  that  the  formation  of  the  pseudonavicellx 
out  of  the  granular  contents  of  the  body,  subsequent  to  the  disappearance 
of  the  nucleus,  presents  a  close  analogy  to  the  segmentation  of  the  impreg- 
nated ovum  which  follows  upon  the  dissolution  of  the  germinal  vesicle. 
In  Gregarina  gigantea  of  the  Lobster  the  embryo  is  a  little  mass  of  sarcode, 

?uite  like  an  Amoeba  except  that  it  wants  a  nucleus  and  contractile  vesicle, 
t  soon  gives  out  two  little  contractile  processes  or  arms,  which  become 
detached  and  move  about  like  little  worms,  when  they  are  termed  "pseudo- 
filarise,"  from  their  resemblance  to  free  Nematoids.  After  a  period  of 
activity,  the  pseudo-filarian  becomes  quiescent,  shortens  its  dimensions, 
develops  a  nucleus  and  nucleolus,  and  becomes  an  adult  Gregarina, 

PsOROSPERMii€. — There  occur  as  parasites  on  and  within  the  bodies  of 
fishes  certain  vesicular,  usually  caudate,  bodies,  termed  Psorospermia^  the 
exact  nature  of  which  is  very  problematical.  According  to  Lieberkiihn 
they  occasionally  give  origin  to  amcebiform  bodies,  similar  to  those  which 
are  liberated  from  the  pseudonavicellse  of  Gregarinida,  In  this  case  they 
should  probably  be  regarded  as  the  embryonic  forms  of  some  Gregarina, 
By  Balbiani,  however,  they  are  looked  upon  as  properly  belonging  to  the 
vegetable  kingdom. 
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CHAPTER    II. 

RHIZOPODA, 

General  Characters  of  the  Rhizopoda. — The  Rhizopoda 
may  be  defined  as  Protozoa  which  are  destitute  of  a  mouthy  are 
simple  or  compound^  and  possess  the  power  of  emitting  ^^pseudo- 
podia."  They  are  mostly  small,  but  some  of  the  composite 
forais,  such  as  the  sponges,  may  attain  a  very  considerable 
size.  Structurally,  a  typical  Rhizopod — as  an  Anuzba — is 
composed  of  almost  structureless  sarcode,  without  any  organs 
appropriated  to  the  function  of  digestion,  and  possessing  the 
power  of  throwing  out  processes  of  its  substance  so  as  to  con- 
stitute adventitious  limbs.  These  are  termed  "  pseudopodia," 
or  false  feet,  and  are  usually  protrusible  at  will  from  different 
parts  of  the  body,  into  the  substance  of  which  they  again 
melt  when  they  are  retracted.  They  are  merely  filaments  of 
sarcode,  sometimes  very  delicate  and  of  considerable  length, 
at  other  times  more  like  finger-shaped  processes;  and  they 
are  identical  with  the  little  processes  which  can  be  thrown 
out  by  the  white  corpuscles  of  the  blood  and  by  pus-cells. 
Indeed,  it  has  been  remarked  by  Huxley  that  an  Amosba  is 
stracturally  "a  mere  colourless  blood-corpuscle,  leading  an 
independent  life." 

The  class  Rhizopoda  is  divided  into  five  orders — viz.,  the 
Moneray  the  Amofbea,  the  Foraminifera,  the  Radiolaria,  and 
the  Spongida^  of  which  the  last  is  occasionally  considered  as  a 
separate  class. 

Order  I.  Monera.  —  This  name  has  been  proposed  by 
Haeckel  for  certain  singular  organisms  which  may  provisionally 
be  regarded  as  the  lowest  group  of  the  Rhizopoda.  They  are 
very  minute  in  size,  and  are  distinguished  by  the  fact  that 
the  body  is  composed  of  structureless  sarcode,  capable  of  emit- 
ting thread-like  prolongations  or  pseudopodia,  but  destitute 
of  either  nucleus  or  contractile  vesicle.  The  pseudopodia  are 
mosdy  in  the  form  of  delicate  filamentous  processes  of  sarcode, 
which  exhibit  a  circulation  of  minute  molecules  and  granules 
in  their  interior  and  along  their  edges.  Sometimes  the  pseu- 
dopodia may  be  simple,  as  in  Protamaba  (fig.  6,  a\  or  they 
may  be  ramified  and  anastomosing,  as  in  Protogenes,  The 
form  of  the  body,  though  very  mutable,  may  be  simple ;  or 
the  organism  may  form  a  kind  of  colony  of  protoplasmic 
masses  united  by  their  interlacing  pseudopodia  (as  in  Myxo- 
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didym).     Sometimes  the  organism  passes  through  a  quiescent 
stage,  alternating  with  an  active  and   locomotive  phase  of 


L^y  magnified. 


existence.  No  hard  covering  or  "test"  is  ever  developed. 
Reproduction  is  mostly  by  fission,  with  or  without  precedent 
encystation  {tig.  6,  b  and  c)  and  quiescence.  All  the  Monaa 
live  in  water,  and  their  systematic  position  is  uncertain.  From 
the  absence  of  a  nucleus  and  contractile  vesicle,  together  vith 
the  general  nature  of  the  pseudopodia,  and  the  fact  that  the 
sarcode  is  not  differentiated  into  an  "  ectosarc  "  and  an  "  en- 
dosarc,"  they  appear  to  be  most  nearly  allied  upon  the  whole 
to  the  Foraminiffra,  from  which  they  differ  chiefly,  if  not  en- 
tirely, in  the  absence  of  a  shell  defending  the  soft  protoplasm 
of  the  body. 

TTie  name  uf  BathyMus  was  given  by  Professor  Huxley  to  a  stnictare 
believed  to  consist  of  iin^kr,  formless,  diffused  masses  of  protoplasm, 
without  nndeiil  or  contractile  vesicle,  found  at  great  depths  m  the  sea; 
■nd,  if  organic,  the  place  of  Bathybiut  would  be  amongst  the  MoHira. 
More  recently,  however,  Professor  Huxley  and  Sir  Wyville  Thomson  have 
expressed  the  opinion  thai  Bathybius  is  not  really  a  living  oiganism  at  all ; 
and  it  only  requires  mention  here  because  a  similar  stnictnre,  the  true 
nature  of  which  still  requites  investigation,  has  recently  been  described  by 
Bessels  under  the  name  of  Prot^alhybaa. 


Order  II.  Amcebea. — This  order  comprises  those  Rkito- 
poda  which  are,  with  one  or  two  exceptions,  naked;  have  usually 
short,  blunt,  lobose  pseudopodia,  which  do  not  anastomose  with 
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au  another;  and  toHtaiaa  "nucleui"  and  me  or  mort  "contrac- 
lUe  vetidet." 

The  Amelia,  or  Proteus-animalcule,  may  be  taken  as  the 
npe,  and  a  description  of  it  vill  be  sufficient  to  indicate  the 
leadit^  points  of  intereit  in  the  order.   The  Amasia  (fig.  7,  B) 


iKi.-' 


er  Beale),  greil'y  inlimd ; 
c  Cooiracule  Miicia ;  ■  riu- 


is  a  microscopic  animalcule,  which  inhabits  fresh  water,"  and  is 
composed  of  gelatinous  sarcode,  which  admits  of  a  separation 
mto  two  distinct  layers  :  an  outer  transparent  layer,  termed  the 
"ectosarc;"  and  an  inner,  more  fluid  and  mobile,  molecular 
layer,  called  the  "  endosarc"  The  "  ectosarc  "  is  highly  ex- 
tensile and  contractile,  and  is  the  layer  of  which  the  pseudo- 
podia  are  mainly  composed  ;  whilst  the  "  endosarc  "  contains 
the  only  organs  possessed  by  the  animal— viz.,  the  "  nucleus  " 
md  " contractile  vesicle"  or  vesicles,  along  with  certain  for- 
tuitous cavities  termed  "  food-vacuoles," 

It  is  believed  by  some  that  the  ectosarc  is  surrounded  by  a 
colourless  and  Structureless  investing  membrane  or  cuticle ;  but 
this  is  denied  by  others.  Be  this  as  it  may,  tliere  is  no  oral 
aperture,  so  far  as  has  ever  been  certainly  observed,  and  the  food 
is  merely  taken  into  the  interior  of  the  body  by  a  process  of 
btnssusception — any  portion  of  the  surface  being  chosen  for 
Ihis  purpose,  and  acting  as  an  extemporaneous  mouth.  When 
the  particle  of  food  has  been  received  into  the  body,  the  aper- 
ture by  which  it  was  admitted  again  closes  up,  and  the  dis- 
charge of  solid  excreta  is  effected  in  an  exactly  similar  manner. 
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In  this  case,  however,  the  area  of  the  general  surface  within 
which  an  anus  may  be  extemporised,  appears  to  be  more  re- 
stricted, and  to  comprise' a  portion  only  of  the  body  ("villous 
region  "). 

The  "  nucleus  "  (fig.  7)  is  a  solid  granular  body,  one  or  more 
of  which  is  present  within  the  endosarc  of  every  Amaba,  but  its 
function  is  not  known  with  any  certainty.  The  "contractile 
vesicles  "  are  cavities  within  the  endosarc,  of  which  ordinarily 
one  only  is  present  in  the  same  individual,  though  sometimes 
there  are  more.  In  structure  it  is  a  little  cavity  or  vesicle  filled 
with  a  colourless  fluid  apparently  derived  from  the  digestion, 
and  exhibiting  rhythmical  movements  of  contraction  {sysiole) 
and  dilatation  (diastole).  In  some  cases  radiating  tubes  are  said 
to  have  been  seen  proceeding  from  the  vesicle  at  the  moment 
of  contraction.  Regarded  functionally,  the  contractile  vesicle 
may  be  looked  upon  as  a  circulatory  organ ;  in  which  case,  it 
offers  the  most  rudimentary  form  of  a  vascular  system  with 
which  we  are  as  yet  acquainted.  By  others,  however,  the  con- 
tractile vesicle  is  believed  to  be  filled  with  water  from  the 
exterior,  and  it  is  regarded  as  a  rudimentary  form  of  water- 
vascular  system ;  while  others  regard  it  as  an  excretory  organ. 

Besides  these  proper  organs,  the  endosarc  usually  contains 
clear  spaces,  which  are  cdled  "vacuoles,*'  or,  more  properly, 
"  food-vacuoles.'*  These  spaces  are  of  a  merely  temporary 
character,  and  are  simply  produced  by  the  presence  of  particles 
of  food,  usually  with  a  little  water  taken  into  the  body  along 
with  the  food. 

There  are  no  traces  of  any  organs  of  sense,  or  of  a  nervous 
system,  or,  indeed,  of  any  other  organs  in  addition  to  those 
already  described.  Locomotion  is  effected  with  moderate 
activity,  but  in  an  irregular  manner,  by  means  of  the  blunt, 
finger-shaped  processes  of  sarcode,  or  pseudopodia,  which  can 
be  protruded  at  will  from  any  part  of  the  body,  and  can  be 
again  retracted  within  it.  The  pseudopodia  also  serve  as  pre- 
hensile organs ;  but  they  do  not  interlace  and  form  a  net-work, 
nor  do  they  exhibit  any  circulation  of  granules  derived  from 
the  endosarc,  as  in  many  others  of  the  Rhizopoda, 

As  regards  the  reproductive  process  in  the  Amaba,  no  dif- 
ferentiated sexual  organs  have  hitherto  been  discovered,  and 
the  true  sexual  form  of  the  process  is  therefore  unknown. 
Fresh  individuals,  however,  may  be  produced  in  three  ways  : — 
Firstly^  by  simple  fission,  the  animal  dividing  into  two  parts, 
each  of  which  becomes  an  independent  organism.  Secondly^ 
by  the  detachment  of  a  single  pseudopodium,  which  becomes 
developed  into  a  fresh  Amaba,     Thirdly^  by  the  production 
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of  little  spherical  masses  of  sarcode,  which  may  be  derived  from 
the  nucleus  by  fission,  or  may  be  produced  by  a  segmentation 
of  the  endosarc,  the  animal  having  previously  become  torpid, 
and  the  nucleus  and  contractile  vesicle  having  disappeared. 
These  little  masses,  however  produced,  develop  themselves 
when  liberated  into  ordinary  Amaba.  This  last  method  of 
reproduction  is  obviously  very  closely  analogous  to  the  pro- 
duction of  "  pseudonavicellae  "  in  an  encysted  Gregarina. 

It  has  been  doubled,  apparently  wilh  considerable  reason,  whether  the 
so-callnl  Amaba  are  distinct  species  of  animals,  or  whether  they  arc  not 
rather  transitory  stages  in  the  life-history  of  other  Organisms,  It  is  quite 
certain  Itiat  several  of  the  Protowa  pass  through  an  amteboid  stage,  and 
it  is  alsu  certain  that  vegetable  matter  not  uncommonly  assumes  similar 
characters  (f.f.,  the  mycelium  of  certain  fungi).  It  is  therefore  not  impos- 
sible that  Ihe  forms  known  lo  the  microacopist  as  Amtrba  may  be  ultimately 
diKovered  not  to  be  permanent  and  distinct  species  ;  but  the  evidence  on 
this  head  is  still  defective. 

It  is  certain,  at  any  rate,  that  many  ot^nisma,  both  vegetable  and  ani- 
mal, pass  through  amabeid  stages — consist- 
ing, for  a  longer  or  shorter  period,  of  proto- 
phsm  capable  of  emitting  "pseudopodia." 
It  is  certain,  also,  that  such  amoeboid  masses 
cannot  be  distinguished  from  true  Amaia, 
atberwbe  than  by  their  llfe-histoiy.  When, 
therefore,  we  are  informed  that  Amaiit  can 
be  shown  to  develop  inlodifferent  and  higher 
organisms,  we  must  construe  the  stnlemeni  as 
meaning  nothing  more  than  that  the  higher 
organisms  in  question  pass  through  an  "amie- 
boid"  stage  in  the  course  of  their  develop- 

The  remaining  members  of  the  Amahm 
itB  constructed  more  or  less  closely  after  the 
typeof  the^JJ/irio  itself.  In  the  nearly  allied 
DiglKgia,  the  sarcode  forming  the  body  of 
the  animal  is  invested  with  a  membranous  , 
nielope  or  "carapace,"  strengthened  by 
pams  of  «ind  and  other  adventitious  solid 
panicles,  and  having  a  single  aperture  at  one 
cUremily,  through  which  the  pseudopodia 
ire  protruded  (fig.  8).  The  animal  generally 
ntept  about  head-downwards,  so  to  speak  ;  F(g  b.  _  o!ffi«eia  pyrifBrmii, 
tint  is  to  say,  with  the  closed  endof  the  cara-  giuily  enlarged.  JAliend 
pace  elevated  above  the  surface  on  which  it  «lighily  from  Carter)  Tbew" 
U^ving.  Dijiug!^  often  exhibit  the  phe-  ^>f  "i^Jr  t^^  S^hin 
Domenon  known  as  "  conjugation  "  or  "  q-go-  which  is  ihe  iranspareni  ecio- 
»!."  Under  these  circumstances,  two  Difflu-  larc,  lined  by  ih*  finely.gtMu- 
'n  contact ;  the  mouths  of  the  two       "'  '    """" '  "     "^  ""  *  ■"  ' 


rooght  together  ;  the  two  animals 
vards  and  forwi 


kv  back  wards  and  ^rwardsinto  each  other's 

tesB,  with  an  Hpp»rently  complete  incorporation  ;  and  finally  they  separate 
^un,  and  mch  i«tire»  to  iW  own  lest.  In  Aretlla  there  is  a  discoid  or 
iMin-shaped  carapace,  secreted  by  the  animal  itself,  and  likewise  possess- 
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ing  but  a  single  pietidopodial  aperture,  placed  in  this  case  oo  the  flat  sor* 
(ace  of  the  body.  One  species  of  Arcdla  (viz.,  A,  arenaria)  is  tenestiial 
in  its  habits. 

In  Pamphagus  there  is  no  carapace,  but  the  fkseudopodia  are  neTerthe- 
less  protmsible  from  one  extremity  only  of  the  body,  the  remainder  of  the 
surface  appearing  to  be  of  too  resistant  a  consistence  to  allow  of  this.  The 
common  Sun-animactde  {AcHnophrys  sd)  is  another  well-known  Rhizopod 
which  is  commonly  placed  here  ;  but  it  is  better  considered  as  the  type  of 
a  group  of  Radiolaria,  uniting  this  last  named  order  with  the  Amctbea. 

The  Amabea  may  be  divided  into  two  sub-orders :  i.  Ama- 
binay  including  those  forms  which  have  the  body  naked ;  and 
2.  Arcdlinay  comprising  those  in  which  the  body  is  protected 
by  a  carapace. 


CHAPTER  IIL 
FORAMINIFERA. 


Order  IIL  Foraminifera. — The  Foraminifera  may  be  de- 
fined as  Rhizopoda  in  which  the  body  is  protected  by  a  shell  or 
"  test^^  composed  of  carbonate  of  lime ^  or  of  sand-grains  cetnented 
together  ;  there  is  no  distinct  separation  of  the  sarcode  of  the  body 
into  ectosarc  and  endosarc,  and  a  nucleus  and  contractile  vesicle 
are  present  in  at  any  rate  some  cases.  The  pseudopodia  are  long 
and  filamentous y  and  interlace  with  one  another  to  form  a  net- 
work. 

The  Foraminifera  are  specially  characterised  by  the  posses- 
sion of  a  "  test "  or  external  shell,  which  is  usually  composed 
of  carbonate  of  lime,  but  is  often  composed  of  grains  of  sand 
or  other  adventitious  solid  particles  cemented  together  by 
animal  matter,  or  which,  as  in  Gromia,  may  be  simply  chitin- 
ous.  The  test  may  be  composed  of  an  aggregation  of  cham- 
bers or  "  loculi "  (fig.  lo,  c)j  or  of  a  single  chamber  only,  and  its 
walls  are  usually  pierced  by  numerous  pores  or  "  foramina  " 
through  which  the  pseudopodia  are  protruded;  the  place  of 
these  being  in  other  forms  supplied  by  the  large  size  of  the 
terminal,  or  **^rdf/,"  aperture  of  the  shell  (fig.  lo,  ^),  the  walls 
themselves  being  imperforate.  The  presence  or  absence  of 
foramina  in  the  shell-walls  is  believed  to  constitute  a  genuine 
structural  distinction,  and  the  Foraminifera  may  be  thereby 
divided  into  two  great  groups  {Perforata  and  Imperforata), 

As  regards  the  soft  parts  of  the  Foraminifera^  the  body  is. 
composed  of  extensile  and  contractile  sarcode — usually  red- 
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dish  or  yellowish  in  colour — which  not  only  fills  the  interior  of 
the  shell,  but  generally  invests  its  outer  surface  also  with  a  thin 
film,  from  which  the  pseudopodia  are  emitted  (fig.  9,  b).    The 


HSchulia) 
-wi  01  DiAiams  aenvm  irom  (be  body-iubftan«. 

'Kt,  therefore,  in  this  case,  is  not  a  true  cuticular  secretion, 
lie  that  of  the  MoHusca,  but  it  is  truly  immersed  within  the 
wcode  of  the  body.  The  sarcode  is  not  differentiated  into  a 
%tnct  ectosarc  and  endosarc,  and  until  recently  was  believed 
to  be  devoid  of  a  nucleus  and  contractile  vesicle,  and,  indeed, 
rf  any  organs  or  specialised  parts  of  any  kind.  Recent  re- 
searches, by  Hertwig  and  F.  E.  Schultze,  have,  however,  shown 
the  presence  of  a  nucleus  and  of  contractile  vesicles  in,  at  any 
ite,  some  of  the  Foraminifera ;  and  these  structures  are, 
therefore,  probably  present  in  all. 
The  pscudopodia  in  all  the  Foraminifera  (fig.  10,  b,  c)  sae 
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filamentous  and  protmsible  to  a  great  length,  and  they  possess 
the  singula!  property  of  uaiting  tc^ether  in  various  directioDS 


TO. — MoTphob^  dF  FoniDiDiftra-  4  Lattmi  wlf-aris  a  m 
nifer;  U/iAVi£i<>fltrSchu1lieX  ihour  nr  iKc  pKudnpodia  pre 
inure  of  1)k  thell :  c  DiKorbina  (af  er  ScliuLueX  shav>  nj   ' 


(ifltr 


t  Nadtnaria  kitpula  ;  /  GMiprina  buUo 


dopodl*  ;  d  ScctiDn  of  NedaBini 


SO  as  to  fonn  a  kind  of  network,  like  an  "  animated  spider's 
web."  (Hence  the  name  Rdiculosa  applied  to  the  order  by 
Dr  Carpenter.)  This  property,  however,  is  not  peculiar  to 
members  of  this  order,  but  is  seen  also  in  Attinophrys  and  in 
the  Thaiassicollida,  though  to  a  less  extent.  Further,  through- 
out the  entire  network  formed  by  the  inosculating  pseudo- 
podia  there  is  a  constant  circulation  of  granules  in  different 
directions.  This  singular  phenomenon  is  in  many  respects 
analogous  to  the  circulation  of  granules  which  is  seen  in 
many  vegetable  cells,  and  it  is  believed  by  Dr  Carpenter  that 
"the  conditions  of  the  two  sets  of  phenomena  are  essentially 
the  same." 

The  shells  oT Foraminifira  maybe  classed  in  three  divisions, 
termed  respectively  the  "  porcellanous,"  the  "hyaline"  or 
"  vitreous,"  and  the  "  arenaceous."  The  porcellanous  shell  is 
calcareous,  quite  homogeneous  in  its  composition,  is  opaque- . 
white  when  seen  by  reflected  light,  and  is  not  perforated  by 
pseudopodial  foramma.  In  these  forms  {e.g.^ Miiiela,  tig.  lo,  b) 
the  pseudopodia  are  emitted  solely  from  the  mouth  of  the 
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kst-fonned  segment  of  the  shelL  The  vitreous  shell  is  also 
calcareous  in  composition,  is  transparent  and  glassy  in  texture, 
and  its  walls  are  perforated  by  numerous  pseudopodial  aper- 
tures. The  arenaceous  shell  is,  properly  speaking,  not  a  true 
shell  secreted  by  the  animal,  since  it  is  simply  composed  of 
particles  of  sand  united  together  by  some  unknown  cement 
Its  walls  may  or  may  not  be  traversed  by  pseudopodial  fora- 
mina ;  but  these  openings  are  usually  absent. 

In  some  of  the  JFbramini/era,  hence  called  ** simple"  or 
"unilocular"  (Afonothalamia)^  the  shell  consists  of  a  single 
diamber,  and  the  animal  is,  in  fact,  nothing  more  than  a  little 
mass  of  sarcode  enveloped  in  a  calcareous  covering.  Lagma 
(fig.  II,  A),  with  its  beautiful  flask-shaped  shell,  may  be  taken 


ABC 

Fi|.  zi.—Diagnun  to  illustrate  the  formation  of  the  compound  Foraminiftra.  A, 
Simple  form  (Z/^ifwa),  consisting  of  a  sphere  of  sarcode,  surrounded  by  a  calcareous 
shell ;  B,  Compound  form,  produced  by  linear  gemmation  from  a  primitive  segment 
resembling  A  {Nodcsarid) ;  C,  Compound  form  {J)iscorbina\  in  which  the  buds  arc 
tbovn  out  in  a  spiral,  the  coils  of  which  lie  in  one  plane. 

as  the  type  of  this  division.     Another  well-known  unilocular 
fonn  is  Entosolmia^  which  is  like  Lagma  in  shape,  but  has  the 
tubular  neck  reversed,  so  as  to  be  inserted  into  the  interior  of 
the  test     In  the  so-called  "  Polythalamia^^  or  "  multilocular  '* 
Foraminiftra,  the  shell  is  composed  of  many  chambers  sepa- 
rated from  one  another  by  divisional  walls  or  "septa  "  (fig.  10, 
<;  d,  e\  each  of  which  is  perforated  by  one  or  more  openings,  or 
''septal  apertures,"  by  means  of  which  the  sarcode  occupying 
the  different  chambers  is  united  into  a  continuous  and  organic 
^le,  the  connecting  bands  being  called  "stolons.*'    Complex 
as  their  structure  often  is,  the  compound  Foraminifera  are, 
nevertheless,  formed  by  a  process  of  continuous  gemmation  or 
budding  from  a  single  "  primordial  segment "  in  every  respect 
identical  with  the  permanent  condition  of  a  simple  species. 
They  commence  their  existence,  therefore,  as  Monoihaiamia, 
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and  are  converted  into  Polythalamia  merely  by  a  process  of 
"  vegetative  **  or  "  irrelative  repetition."  As  their  development 
proceeds,  the  primitive  mass  of  sarcode,  or  "  primordial  seg- 
ment," throws  out  fresh  segments  in  the  form  of  buds  accord- 
ing to  a  determinate  law;"*  and  it  is  upon  the  direction  in 
which  these  segments  are  evolved  that  the  ultimate  form  of 
the  shell  depends  (fig.  ii).  The  more  important  variations  in 
this  respect  are  as  follows :  If  the  additional  segments  are 
added  to  the  primordial  chamber  in  a  linear  series,  so  as  to 
form  a  straight  or  slightly  curved  line,  we  obtain  respectively  a 
Nodosaria  (fig.  lo,  d^  e)  or  a  Dental ina.  When  the  new  cham- 
bers are  added  in  a  spiral  direction,  each  being  a  little  larger 
than  the  one  which  preceded  it,  and  the  coils  of  the  spiral 
lying  in  one  plane,  then  we  get  the  "  nautiloid  *'  shell,  so  com- 
mon amongst  the  Foraminifcra  (fig.  lo,  c\  This  type  of  shell 
is  so  closely  similar  to  the  shape  of  the  Pearly  Nautilus,  that 
the  older  naturalists  were  long  in  the  habit  of  classing  these 
forms  along  with  the  Cephalopoda^  or  Cuttle-fish  order.  In  the 
true  nautiloid  shell  the  convolutions  of  the  spiral  lie  in  a  single 
plane,  as  in  Roialina^  and  the  shell  is  said  to  be  "  equilateral." 
In  other  cases,  however,  the  spiral  passes  obliquely  round  a 
central  axis,  and  the  shell  becomes  conical  or  turreted,  when 
it  is  said  to  be  "inequilateral"  or  "trochoid."  In  other  forms, 
such  as  NummulUes  (fig.  13)  and  Orbitolltes^  the  structure  of 
the  shell,  though  regular,  is  much  more  complicated.  Besides 
these  symmetrical  forms,  there  exist  others  in  which  the 
arrangement  of  the  segments  is  more  irregular,  as  is  seen  in 
Globigerina^  Acervuiina,  &c.  (fig.  10,/).  Microgromia  socialise 
again,  forms  true  colonies  of  a  totally  different  kind,  several 
individuals  uniting  and  becoming  incorporated  with  one 
another  by  means  of  their  pseudopodia. 

Beside  the  true  pseudopodial  foramina  with  which  the  walls 
of  the  test  in  most  of  the  Foraminifera  are  pierced,  there  exists 
in  some  forms  an  additional  system  of  complicated  branching 
and  anastomosing  tubes,  which  are  distributed  between  the 
laminae  of  the  shell,  and  establish  a  communication  between 
its  external  and  internal  surfaces. 

Classification  of  the  Foraminifera. — The  classification  of  the 
Foraminifera  has  proved  a  matter  of  considerable  difficulty.     The  older 


*  The  discovery  by  Hertwig  and  F.  E.  Schultze  of  a  nucleus  in  the 
Foraminifera  has  rendered  this  view  as  to  the  production  of  the  comj>ound 
Foraminifera  from  the  simple  forms  somewhat  doubtful.  There  is,  namely, 
as  a  rule,  but  a  single  nucleus  in  a  compound  Foraminifer,  and  the  re* 
maining  segments  are  non-nucleated,  and  appear  to  be  produced  by  simple 
constriction  of  the  protoplasmic  mass  of  the  body  at  successive  intervals. 
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arrangements  were  mmatiinil,  as  being  based  wholly  on  the  form  of  the 
shell,  a  point  in  which  the  Foraminifera  show  a  most  marvellous  variability. 
For  this  reason  the  artificial  systems  proposed  by  D'Orbigny  and  Max 
Schultze  have  now  been  generally  abandoned,  and  their  puice  has  been 
taken  by  the  schemes  of  classification  put  forward  independently  and 
almost  simultaneously  by  Professor  Von  Reuss  upon  the  Continent,  and  by 
Dr  Carpenter,  Mr  Parker,  and  Professor  T,  Rupert  Jones  in  this  coimtry. 
Both  these  arrangements  agree  in  the  essential  feature  that  they  divide  the 
F&raminifera  into  two  great  primary  divisions,  in  accordance  with  the 
nature  of  the  shelly  investment.  In  the  one  division  {Imf>er/orata\  the 
test  is  not  perforated  by  pseudopodial  apertures,  and  it  may  be  either 
"arenaceous  or  "porcellanous."  In  the  other  division,  the  test  is  per- 
forated by  more  or  less  numerous  pseudopodial  foramina,  and  to  this 
division  the  name  of  Perforata  is  applied.  The  following  tables  exhibit 
the  arrangements  proposed  by  Carpenter,  Parker,  and  Rupert  Jones,  on 
the  one  hand,  and  Reuss,  on  the  other  hand ;  the  former  being  the  most 
natural,  and  the  one  most  widely  adopted  : — 

Classification  of  the  Foraminifera,  according  to  Carpenter, 

Parker,  and  Rupert  Jones. 

Sub-Ordrr  I.      Imperforata. — Test    membranous,   calcareous,   or 
uenaceous,  not*  perforated  by  pseudopodial  foramina. 

Family  i.  Gromida, 
II  2.  Miliolida, 
•I       3.  LUuolida, 

Sub-Order  II.     Perforata. — Test  perforated  by  pseudopodial  fora- 
mina, generally  calcareous. 

Family  i.  Lagenida, 
II      2.   Globigerinida, 
II      3.  Nummulinida, 

Classification  op  the  Foraminifera  according  to  Reuss. 
I.  Foraminifera  with  a  Non-perforate  Test. 

A. — ^With  arenaceous  tests. 

1.  LituolidecL. 

2.  Uvdiidea, 

B. — With  compact,  porcellanous,  calcareous  tests. 

1.  Squamulinidea, 

2.  Miliolidea, 

3.  Peneroplidea^ 

4.  Orbituliiidea, 

II.  Foraminifera  with  a  Perforate  Test. 

A.  — With  a  glassy,  finely-porous,  calcareous  test. 

1.  Sfirillinidea, 

2.  Uvulitidea, 

3.  Rkabdoidea, 

4.  Cristellaridea, 

5.  Polynwrphinidea» 

6.  CryptostegiiL, 

7.  TexHlandM. 

8.  Cassidulinidea, 
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B. — With  an  exceedingly  porous,  calcareous  test 

I.  RoicUidea. 
C. — With  a  calcareous  shell,  traversed  by  a  ramified  canal-system. 

1.  Polystomellidea, 

2,  NummuliticUa, 

With  regard  to  the  classification  of  the  Foraminifira,  the  author  may  be 
excused  for  quoting  some  remarks  on  this  subject  made  by  Mr  Henry 
Bowman  Brady,  F.R.S.,  one  of  the  highest  living  authorities  on  this  group 
of  organisms  ;  since  they  not  only  have  a  most  important  bearing  upon  the 
special  point  in  question,  but  forcibly  express  the  principles  which  should 
guide  the  philosophic  naturalist  in  his  systematic  treatment  of  all  such  vari- 
able  forms  of  life  : — *  "  A  purely  artificial  classification  is  ill  adapted  to  the 
conditions  presented  by  a  class  of  organisms  like  the  Foraminifera^  'Ssxf^y 
made  up  of  groups  of  which  the  modifications  run  in  parallel  lines.  This 
*  isomorphism,'  demonstrated  chiefly  by  the  labours  of  Messrs  Parker  and 
Jones,  whilst  it  is  the  source  of  most  of  the  difficulties  the  systematist  has 
to  contend  with,  is,  at  the  same  time,  the  key  to  the  natural  history  of  the 
order.  It  exists  not  merely  between  a  single  series,  say  in  one  of  the  larger 
divisions,  with  a  single  series  in  another,  but  often  amongst  several  series 
even  of  the  same  family.  It  not  unfrequently  happens  that  a  member  of 
one  group  presents  a  greater  similarity  to  its  isomorph  in  another  group 
with  which  it  has  a  relationship,  than  it  does  to  any  other  member  of  its 
own  group.  Take  a  familiar  illustration — suppose  the  fingers  of  the  two 
hands  to  represent  the  modifications  ( *  species  )  of  two  such  parallel  types 
of  Forantinifera :  the  thumb  of  one  hand  resembles  more  closely  the  thumb 
of  the  other  hand  than  it  does  any  other  of  the  fingers  on  its  own.  In 
other  words,  the  extreme  member  of  one  series  resembles  more  closely  its 
isomorph  in  the  other  series  than  it  does  its  own  nearer  relations,  and  so 
on  through  the  remaining  members  of  the  respective  groups.  Under  con- 
ditions like  these,  artificial  subdivision,  based  upon  minor  morphological 
characters,  is  certain  to  infringe  the  order  of  nature.  Its  tendency  is  to 
separate  forms  closely  allied,  and  in  many  cases  to  place  together  such  as 
have  no  close  affinity." 

Affinities  of  Foraminifera. — The  Foraminifera  are  related  on  the 
one  hand  to  the  Aniabea^  and  on  the  other  to  the  Spongida.  From  the 
former  the  **  unilocular  "  Foraminifera  differ,  both  in  the  possession  of  an 
external  envelope,  and  in  the  much  less  highly  differentiated  characters  of 
their  sarcode  ;  but  the  points  of  resemblance  are  obvious,  and  in  such  a  form 
as  Uiberkiihnia  we  are  presented  with  an  apparent  transition  between  the 
two  orders.  From  the  shelled  Amacbea^  such  as  Arcella^  the  Foraminifera 
are  fundamentally  distinguished  by  the  different  nature  of  the  sarcode-body 
and  the  different  characters  of  the  pseudopodia. 

To  the  Sponges  the  Foraminifera  are  related  in  various  ways,  one  of  the 
most  striking  links  beine  found  in  Carpenteria^  a  singular  attached  form  of 
Foraminifer,  The  shell,  namely,  of  Carpenteria  is  conical  and  calcare- 
ous, composed  of  an  aggregation  of  chambers  arranged  in  a  spiral,  and 
having  its  walls  perforated  by  numerous  foramina  of  minute  size.  The 
interior  of  the  chaml)ers,  however,  is  filled  with  "  a  fleshy,  sponge-like 
body,"  strengthened  b]f  numerous  spicula.     According  to  Schultze,  how- 


*  The  remarks  here  quoted  are  taken  from  the  introduction  to  Mr 
Brady's  admirable  *  Monograph  of  the  Carboniferous  Foraminifera  of 
Great  Britain.' 
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cv«,  the  nliceom  spiccdes  found  in  the  interior  of  Car/tmttrui,  and  also 
(jf  PalytTOHOy  are  not  reallj  parts  of  these  organisms,  but  belong  to  a  para- 
alio  sponge. 

Another  cuiious  link  between  the  Feraminifera  and  the  Sponges  is  the 
SqttamtUina  uopula  of  Carter,  which  is  truly  a  Foramimfir,  though  origi- 
nally lefeiTcd  to  the  latter.  It  consists  of  an  arenaceous  test,  forming  a 
pedestal  surmounted  by  an  obversely  conical  column.  Both  pedestal  and 
column  aie  more  or  less  perfectly  chambered,  and  are  filled  with  semi- 
transparent  yellowish  sarcodc.  At  the  summit  of  the  column  is  a  minute 
aperture  surrounded  by  a  brush  of  spicules,  and  the  whole  structure  is  fixed 
by  the  pedestal  to  some  solid  object. 

To  the  Folytystina,  the  Foraminifera  arc  obviously  and  closely  allied. 
They  agree  in  the  nature  of  the  sarcode-body,  in  the  filamentous,  inoscu- 
lalii^  pseudopodia,  and  in  the  phenomenon  of  a  pseudopodial  circulation 
□f  gi^urales.  They  differ  solely  in  the  nature  of  the  "  lest,"  which  is  cal- 
careous or  arenaceous  in  the  Foraminifera,  but  is  always  siliceous  in  the 
P^yeyslina. 

Distribution  of  Foraminifera  in  Space. — 'YY^e^  Forami- 
nifera (with  the  exception  of  Gromia,  which  occurs  in  both 
fresh  and  salt  water)  are  marine,  and  are  found  in  almost  all 
seas,  though  more  abundantly  in  those  of  the  warmer  parts  of 
the  globe.  It  is  concluded  by  Dr  Carpenter  that  "  the  fora- 
nuniferous  fauna  of  our  own  seas  probably  presents  a  greater 
range  of  variety  than  existed  at  any  preceding  period  but 
there  is  no  indication  of  any  tendency  to  elevation  towards  a 
higher  type."  One  of  the  most  remarkable  facts  about  their 
distribution  at  the  present  day, 
is  the  existence  of  a  deposit  at 
great  depths  in  the  Atlantic 
and  Pacific  oceans,  in  areas 
traver^d  by  warm  currents,  of 
a  mud  or  "  ooze "  formed  al- 
most entirely  of  the  shells  of  1 
Jvraminifera,  and  principally  | 
o(  Gleiigerina  (fig.  12J.  This 
"  Globigerina  ooze  "  is  found 
up  to  depths  of  3000  fathoms, 
and  may  be  regarded  as  the 
modem  analogue  of  the  White 
Chalk  of  the  Cretaceous  period. 
The  deep-sea  dredgings  of  late 
years  have  further  brought  to 
light  an  immense  number 
forms  of  "arenaceous"  Jvra- 
tnirtifera  of  the  mt>st  varied  and  interesting  characters.  Some 
of  the  living  Foraminifera  may  be  obtained,  at  or  near  low-water 
nuric,  adhering  to  the  roots  of  tangle ;  but  they  are  mostly  to 
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be  obtained  by  dredging  in  deeper  water,  or  by  search  in  the 
shelly  sand  of  the  sea-shore. 

Most  of  the  recent  Foraminifera  are  very  minute,  often 
wholly  microscopic  in  their  dimensions ;  but  some  of  the  ex- 
tinct forms  attained  the  size  of  as  much  as  three  inches  in 
circumference  (^.^.,  the  Nummulites  of  the  Eocene,  fig.  13), 
and  the  spheres  of  the  Cretaceous  Parkeria  may  have  a  cir- 
cumference more  than  twice  as  great  as  this. 

Distribution  of  Foraminifera  in  Time.  —  Remains  of 
Foraminifera  have  been  found  in  Palaeozoic,  Mesozoic,  and 
Kainozoic  formations.  In  the  oldest  stratified  rocks  with  which 
we  are  acquainted — viz.,  the  Laurentian  rocks  of  Canada — 
there  occurs  a  singular  body  which  has  been  described  as  the 
remains  of  a  gigantic  Foraminifir,  under  the  name  of  Eozoon 
Canadense,  If  truly  organic,  as  is  doubted  by  some,  it  is  the 
oldest  fossil  as  yet  discovered.  It  appears  to  have  grown 
in  reef- like  masses  resembling  the  sessile  patches  of  Poly- 
trema*  and  Calcarina,  to  both  of  which,  as  well  as  to  the 
extinct  Nummulites^  it  shows  a  decided  affinity.  In  the  Silurian 
rocks,  remains  of  Foraminifera,  some  of  which  are  apparently 
identical  with  existing  forms,  have  been  detected  in  various 
places,  and  it  is  not  impossible  that  the  large  Silurian  fossils 
known  as  Receptaculites  and  Stromatopora  should  really  be  re- 
ferred to  this  order.  Little  is  yet  known  of  the  Foraminifera 
of  the  Devonian  period ;  but  the  remains  of  these  organisms 
are  found  abundantly  in  the  Carboniferous,  and  less  plentifully 
in  the  Permian  deposits.  Whole  beds  of  the  Carboniferous 
Limestone  in  Russia,  Armenia,  N.  America,  &c.,  are  made  up 
of  the  shells  of  FusUiina  ;  and  in  Britain  Mr  Brady  has  shown 
that  the  same  formation  is  occasionally  largely  composed  of 
the  arenaceous  spheres  of  Saccammina,  a  genus  which  is  espe- 
cially interesting,  as  Sars  has  found  vast  numbers  of  a  living 
form  at  considerable  depths  in  the  North  Sea.  In  the  Second- 
ary rocks  Foraminifera  occur  in  great  abundance,  the  widely- 
spread  formation  known  as  the  Chalk  being  crowded  with  these 
organisms.  Chalk  itself,  in  fact,  is  almost  entirely  composed 
of  the  cases  of  Foraminifera,  some  of  which  are  identical  with 
species  now  existing. 

In  the  Tertiary  rock?  the  Foraminifera  attain  their  maximum 
of  development,  both  as  regards  the  size  and  the  number  of 

*  Polytretna  is  a  little  branched  coral-like  Foraminifer,  composed  of  a 
calcareous  test  forming  a  number  of  irregular  chambers,  which  communicate 
with  one  another  by  wide  orifices,  and  are  filled  with  colovirless  sarcode. 
The  walls  of  the  chambers  are  also  penetrated  by  an  extensive  system  of 
capillary  canals. 
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the  foims  which  charactetise  them.  The  period  of  the  Middle 
Eocene  is  especially  distinguished  by  a  very  widely  spread  and 
easily  recognised  rock  known  as  the  Nummulitic  Limestone, 
so  called  from  the  abundance  in  it  of  a  large  coin-shaped  Fora- 
minija-  tenned  the  NummuUUi^%.  13).    The  Nummulitic  Lime- 


stone stretches  from  the  west  of  Europe  to  the  frontiers  of 
China;  but  in  some  cases,  in  place  of  Nummutina  proper,  it 
contains  the  remains  of  a  mimetic  form  termed  Orbitoides. 
Upon  the  whole,  Dr  Carpenter  concludes  that "  there  is  no 
evidence  of  any  fiindamental  modification  or  advance  of  the 
foraminiferous  type  from  the  Fateozoic  period  of  the  present 
time." 


CHAPTER    IV. 

RADIOLARIA. 

Ordek  IV,  Radiolaria.  —  The  order  Radiolaria  was 
founded  by  Miiller  to  include  the  PolycysHna,  the  Acanthotaet- 
rhut,  and  the  Thalasskollida,  to  which  Dr  Carpenter  adds 
Adinafhrys  and  its  allies,  chiefly  on  account  of  the  form  of  the 
pseadopodia,  the  latter  forming  a  special  group,  to  which  the 
Dame  of  Heliotoa  may  be  given.  Most  of  the  Radiolaria  are 
marine,  but  some  few  forms  of  ThallassicoUida  have  been  de- 
Kn^bed  as  occurring  in  fresh  water,  and  most  of  the  Heliozoa 
have  the  same  habitat. 

The  order  Radiolaria  may  be  defined  as  comprising  those 
Rliisopods  vikkh  generally  possess  a  siliceous  lest  or  siliceous 
tfimla,  and  are  provided  wUh  pseudepodia  which  stand  out  like 
radiating  laments,  and  occasionally  run  into  one  another.  All  of 
lie  tjpmi  Radiiflaria  possess  a  central  membranous  capsule  sur- 
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rounded  by  an  envelope  of  sarcode.  TTie  extracapsular  sarwde 
generally  contains  a  layer  of  yellow  cells,  which  are  now  known 
to  be  composed  partly  of  starch.  If  we  omit  Aetinophrys  and  its 
allies — ^which  cannot  be  regarded  as  typical  members  of  the 
order — -no  contractile  vesicle  present  In  the  aberrant  Myxo- 
brachia,  also,  the  characteristic  radiating  pseudopodia  are  ab- 
sent, the  organism  being  Cumished  with  from  one  to  sixteen 
aim-like  processes  of  sarcode,  the  clavate  ends  of  which  enclose 
numerous  calcareous  bodies  (coccoliths  and  coccospheres), 
which  may,  however,  be  simply  taken  in  as  food. 

I,  Family  AcANTHOMETRiNA. — TiieAcanlhometm(&g.  14,  a) 
are  all  minute,  and  are  found  floating  near  the  surface  in  the 


open  ocean,  sometimes  in  great  numbers.  They  consist  of 
sarcode-bodies,  which  are  supported  by  a  framework  of  radiat- 
ing siliceous  spines,  the  extremities  of  which  usually  project 
considerably  beyond  the  body.  The  substance  of  the  body 
admits  of  division  into  an  outer  membranous  layer,  or  "  ecto- 
sarc,"  and  an  internal  granular  layer,  or  "  endosarc"  The 
siliceous  spines  are  hollow,  being  grooved  at  the  base  by  a 
gutter,  which  is  continued  further  up  the  spine  by  a  canal  ter- 
minating at  the  apex  of  the  spine  by  a  distinct  aperture.  The 
spines,  in  consequence  of  this  structure,  are  able  to  serve  for  the 
transmission  of  the  pseudopodia,  which  gain  the  exterior  by 
running  through  the  canals  and  escaping  at  their  apices.  Many 
of  the  pseudopodia,  however,  do  not  occupy  the  canals  of  the 
spines. 

II.  Fam.  Polycvstina, — The  members  of  this  family  are 
closely  related  to  the  Foraminifera,  differing  from  them  chiefly 
in  the  fact  that  their  shells  are  composed  of  flint  instead  of 
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carbonate  of  lime,  as  in  most  of  the  latter.  They  possess  a 
body  of  sarcode,  which  is  enclosed  in  a  foraminated  sihceous 
shell,  which  is  often  furnished  with  spine-like  processes,  and  is 
Qsnallyof  great  beauty  (fig.  14,  i).  The  sarcodic  substance  of 
the  body  is  olive-brown  in  colour,  with  yellow  globules,  and 
otten  does  not  entirely  fill  the  shell.  The  pseudopodia  are 
emitted  through  the  foramina  in  the  test,  and  are  long,  ray-like 
filaments,  which  display  a  slow  movement  of  granules  along 
their  borders. 

The  Polycystina  are  all  microscopic,  and  are  all  inhabitants 
of  the  sea,  having  a  very  wide  distribution.  They  likewise 
extend  to  great  depths ;  and  one  of  the  numerous  facts  of  in- 
terest brought  to  light  by  the  researches  of  the  "  Challenger 
Expedition,"  under  Sir  Wyville  Thomson,  has  been  that  lajge 
areas  of  the  sea-bottom,  up  to  the  enormous  depth  of  4500 
fathoms,  are  formed  by  an  "  ooze  "  composed  of  the  siliceous 
cases  of  Polycystina  and  other  Radiolarians.  Similar  deposits 
of  Tertiary  age,  are  known  as  occurring  in  the  crust  of  the 
earth  in  various  regions.  One  of  the  best  known  of  these  is 
the  "  Barbadoes  Earth  "  (fig.  15),  which  is  almost  wholly  com- 
posed of  the  delicate  flinty  shells 
of  the  PolyCfstina.  The  remains 
of  Polycystina  have  also  now 
been  detected  in  rocks  as  old 
as  the  Carboniferous  formation. 

Ill,  Fam.  Thalassicollida. 
— The  Thalasiieottida  have  been 
defined    as    being    Rhizopoda 
whuh  are  "provided  with  struc-    V^J^ 
lurdess  eysti  containing  cdlular    \ 
demmts  and  sarcode,  and  sur-      ^Sf^ 
rounded  by  a  layer  of  sarcode,        ^^ 
giving    off  pseudopodia    which 
commonly  standout  like  rays,  but 
may  and  do  run  into  one  another,   Hjt.  ' 
and  so  form  net-works  "  (Hux- 
ley). 

The  Thalassieollida  may  be  simple  or  composite,  the  latter 
consisting  essentially  of  aggregations  of  the  former;  whilst 
these  are  fundamentally  composed  of  a  mass  of  granular  proto- 
plasm, containing  a  nucleus,  but  without  a  contractile  vesicle, 
"  enclosed  in  a  membranous  capsule,  which  is  in  turn  protected 
by  a  more  or  less  thick  gelatinous  exudation,  whilst  numerous 
nrcoblasls  occur  scattered  through  the  endosarc,  and  occa- 
lionally  a  few  may  be  seen  suspended  within  the  external  gela- 
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tinous  stratum"  (Waltich).  The  whole  onanism  is  supported 
by  more  or  less  extensively  developed  skeletal  structures.  The 
skeleton  may  be  simple,  consisting  of  a  delicate  fenestrated 
shell ;  or  may  be  compound,  consisting  of  a  number  of  spicular 
masses. 

The  three  besl-known  genera  of  the  family  are  Sfharvttiim,  CaSt- 
iphara,  and  Thalaisicolla,  They  are  all  marine,  beinf  found  floaline 
pass[vely  al  ihe  surface  of  most  seas  ;  and  they  vary  in  size  from  an  in^ 

in  diameter  downwards.  Spharaceiim  consists  essentially  of  a  number 
of  spherical  sarcode-bodies  (sometimes  called  "  celhtfoim  bodies  ")  with 
distinct  nuclei,  surrounded  by  b  zone  of  siliceous  spicules,  the  whole 
being  embedded  in  a  common  gelatinous  matrix.  The  centre  of  the  mass 
is  vacuolated,   sometimes  to  such  an  extent   that  it  becomes  a  hollow 

In  CoUosphara,  the  spherical  body— which  is  very  like  that  of  the  pre- 
cediog  form — is  enclosed  in  a  transparent   siliceous   envelope,  which  is 


perforated  by  numerous  rounded  apertures  or  "fenestra:."  This  form, 
therefore,  approaches  very  closely  to  the  Polycystma,  especially  to  those 
in  which  the  foramina  are  so  large  thai  the  lest  is  reduced  to  a  mere  re- 
ticulate framc'work  (tig.  l6,  a). 

Tkalasskidla  differs  little  from  either  of  the  above  in  fundamental  struc- 
ture, bnt  it  contains  a  number  of  compound  siliceous  spicules  embedded 
in  its  ectosarc  (fig.  16,  b). 

IV,  Fam.  Heliozoa.  —  The  Heliozoa  may  be  defined  as 
Rhizopoda,  whuh  possess  a  contractile  vesicle,  and  are  devoid  of  a 
central  capsule.  The  body  is  naked,  or  is  provided  itiith  skeletal 
structures  of  a  variable  nature,  but  sometimes  siliceous.  The  pseu- 
dopodia  stand  out  like  rays,  but  may  anastomose  with  one  another. 

In  their  radiant  pseudopodia  and  in  the  occasional  presence 
of  siliceous  spicules,  the  Heliozoa  are  allied  to  the  typical 
Radiolarians ;  but  the  absence  of  a  central  capsule  and  the 
presence  of  a  contractile  vesicle  approximate  them  to  the 
Amabea.    They  must,  therefore,  be  regarded  as  an  inosculat- 
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ing  group,  iDdifferently  referable   to  the  Arnxbea  or  to  the 
Radioiaria. 

Most  of  the  Heliozoa  are  inhabitants  of  fresh  water,  and  we 
may  select  as  a  type  the  common  "Sun-Animalcule"  (A(ti- 
nephrys  sot),  in  which  no  hard  stmctures  are  developed.  In 
this  animalcule  (fig.  17),  the  body  consists  of  a  spherical  mass 


of  sarcode,  about  1-1300  of  an  inch  in  diameter,  and  usually 
covered  with  long,  radiating,  filamentous  pseudopodia,  which 
are  much  less  mobile  than  in  the  case  of  the  Amceba.  The 
division  of  the  substance  of  the  body  into  ectosarc  and  endo- 
sarc  is  tolerably  evident,  and  the  latter  contains  numerous 
granules  and  vacuoles.  The  pseudopodia  are  derived  from 
the  ectosarc  alone,  the  endosarc  not  passing  into  them,  and 
they  exhibit  a  circulation  of  granules  along  their  edges,  though 
this  is  not  nearly  so  marked  a  feature  as  in  the  case  of  the 
Faraminifera.  A  nucleus  and  contractile  vesicle  are  also 
present. 


CHAPTER    V. 
SPONGIDA. 


Order  V.  Spongida, — The  true  nature  of  sponges  has  long 
been  a  matter  of  dispute,  but  they  are  now  universally  referred 
to  the  animal  kingdom,  and  placed  either  in  or  near  the 
Rhizopoda. 

The  Spcngida  may  be  defined  as  "  sarcotk-bodits,  destilute  of 
a  mouth,  and  united  into  a  composite  mass,  which  is  traversed  by 
atals  gating  on  the  surface,  and  is  almost  aitvays  supported  by 
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a  framework  of  horny  Jibres,  or  of  siliceous  or  calcareous  spicula  " 
(Allraan). 

From  the  above  definition  it  will  be  seen  that  a  sponge 
is  composed  essentially  of  two  elements — z.  soft,  gelatinous, 
investing  **  flesh,"  and  an  internal  supporting  framework  or 
"skeleton." 

Taking  an  ordinary  homy  sponge  as  the  t)rpe  of  the  order, 
we  find  it  to  be  composed  of  a  skeleton  (fig.  21)  of  horny 
reticulated  fibres  which  interlace  in  every  direction,  and  are 
pierced  by  numerous  apertures,  the  whole  surrounded  exter- 
nally and  internally  by  a  gelatinous  glairy  substance,  like  white- 
of-egg,  the  so-called  "  sponge-flesh."  The  homy  skeleton  is 
composed  of  a  substance  called  "keratode,"  and  is  often 
strengthened  by  spicula  of  lime  or  flint,  which  also  occur  less 
abundantly  in  the  sponge-flesh.  These  must  not,  however,  be 
confounded  with  the  skeleton  of  the  typical  calcareous  or 
siliceous  sponges  in  which  the  keratode  is  wanting.  Of  the 
apertures  which  penetrate  the  substance  of  the  sponge  in  every 
direction,  some  are  large  crateriform  openings,  and  are  termed 
"  oscules,"  or  "  exhalant  apertures ;"  whilst  others,  which  occur 
in  much  greater  numbers,  are  greatly  smaller  in  size,  and  are 
termed  "  pores,"  or  "  inhalant  apertures  (fig.  1 8).  Both  the 
oscula  and  pores  can  be  closed  at  the  will  of  the  animal ;  but 
the  oscula  are  permanent  apertures,  whereas  the  pores  are  not 
constant,  but  can  be  formed  afresh  whenever  and  wherever 
required.  The  "  sponge-flesh,"  which  invests  the  entire  skele- 
ton, is  found  upon  a  microscopical  examination  to  be  com- 
posed of  an  aggregation  of  rounded  amoebiform  bodies — the 
so-called  "sponge  particles"  or  "sarcoids"  (fig.  19).  Some 
of  these  are  ciliated ;  whilst  all  are  capable  of  emitting  pseudo- 
podia  from  all  parts  of  their  surface,  and  are  provided  with 
nuclei  and  contractile  vesicles,  thus  coming  closely  to  resemble 
so  many  AmcebcB,  Regarding  the  skeleton  as  something  super- 
added, we  may,  in  fact,  look  upon  a  sponge  as  being  essenti- 
ally nothing  more  than  an  aggregation  of  Amosbce,  since  each 
"sarcoid"  is  capable  of  procuring  and  assimilating  food  for 
itself  in  a  manner  strictly  analogous  to  what  we  have  seen  in 
the  Amosba,  This  view  becomes  still  more  easily  comprehen- 
sible when  we  consider  the  simplest  condition  in  which  a 
sponge  occurs  in  nature  (as  exemplified,  for  instance,  in  certain 
of  the  CalcispongicB,  such  as  Sycandra^  ^  8  B) ;  the  condition, 
namely,  in  which  the  entire  sponge  consists  of  a  colony  of 
amoebiform  sarcoids,  secreting  a  common  skeleton,  but  pro- 
vided with  only  a  single  "  osculum,"  and  a  greater  or  less 
number  of  inhalant  "  pores."    There  are,  in  fact,  many  who 
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hold  that  the  more  complex  sponges  are  merely  produced  by 
ihe  aggr^ation  together  of  a  numbei  of  these  simpler  colonies. 


Tk.  iL— a,  AiintlU  ftljt^dtt,  ■  fibroui  ipoDEC  ifaoinng  oiculk  and  pores,  B, 
Sjtm^rit  ciliMla,  a  bIcmhuu  iponge,  ihowing  ihi  luiglo  lenniniij  oKulum.  (AAer 
&hBiidt.) 

Whilst  lai^e  portions  of  the  soft  parts  of  a  sponge  are  thus 
capable  of  being  resolved  into  separate  amcebifonn  particles, 
the  same  cannot  be  asserted  of  all.  Farts  of  the  sponge-flesh 
consist  of  apparently  undifferentiated  protoplasm,  seemingly 
produced  by  the  complete  fusion  of  the  original  sarcoids ;  and 
minute  fragments  of  this,  if  detached,  exhibit  active  amceboid 
movements.  This  coalescence  of  the  primitive  cells  has  espe- 
dally  taken  place  in  the  layer  of  sarcode  ("  dermal  membrane" 
or  "ectoderm  ")  which  covers  the  exterior  of  a  living  sponge. 

The  "sarcoid"  has  been  shown  by  Mr  Carter  to  be  "a 
granuliferous  polymorphic  body,  possessing  a  nucleus  and  one 
or  more  contracting  vesicles."  In  their  power  of  throwing  out 
psendopodia,  as  before  remarked,  the  sarcoids  closely  resemble 
Amaia;  but  those  which  possess  a  single  cilium  have  been 
ibcm)  to  have  the  base  of  this  structure  surrounded  by  a  re- 


MANUAL  OF  ZOOLOGY. 


markable  membranous  collar  (fig.  19,  B).     They  thus  present 
a  close  approximation  to  the  Flagellate  Infusoria. 


aHlia.  highly  magni<inl,  ohowinE  Ihc  trrsdiate  ipicula  aod 
c  urcuid  of  Granrin  camfirgua,  greatly  enlarfl«d,  khowinf 
inc  meiTDiaiiDiu  collar  U).  the  fla(eILuai  {/).  Ihc  rontnciile  vcilclei  (r  f).  ud  ibc 
nucleus  (■> :  C,  A  utcAd  of  GranHa  eamfretui.  »ilh  tht  pwudopadia  pnHmdcd 
uid  wilbout  the  aagcllmn.  ctvuly  enlarged.    (B  and  C  an  after  Cuter.) 

To  construct  a  typical  sponge,  therefore,  we  must  imagine 
that  a  number  of  sarcoids,  such  as  above  described,  are  a^re- 
gated  to  form  a  community  of  a  somewhat  spherical  shape, 
with  a  common  circular  aperture ;  that  each  sarcoid  has  the 
power  of  taking  food  into  its  interior,  and  of  discharging 
the  indigestible  portions,  after  the  manner  of  an  Amxba;  and 
that  the  circular  aperture  opens  and  closes  itself  as  required  by 
the  needs  of  the  colony.  We  have  further  to  imagine  that 
these  spherical  communities  are  the  essential  elements  of  the 
sponge,  and  that  they  are  embedded  in  countless  numbers  in 
the  sarcode  of  each  individual  sponge,  constituting  the  so-called 
"  ciliated  chambers." 

In  a  living  sponge  a  constant  circulation  of  water  is  main- 
tained by  means  of  an  aquiferous  system  (fig.  zo),  which  is 
constituted  by  the  oscula  and  pores — already  alluded  to — and 
by  a  system  of  canals  excavated  in  the  substance  of  the 
sponge,  and  uniting  the  two  sets  of  apertures.  The  water 
passes  in  by  the  "  pores "  or  inhalant  apertures,  and  is  con- 
veyed by  a  series  of  canals — the  "incurrent"  or  "afferent" 
canals — to  a  second  series  of  tubes — the  "  excurrent "  or 
"efferent"  canals — by  which  it  reaches  the  "oscula"  and  is 
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finally  expelled  from  the  body.  These  processes  are  regularly 
peffomied,  and  their  mechanism  was  long  a  subject  of  spec- 
nlattoo.  It  is  now  known,  however,  that  beneath  the  super- 
ikiillqfer  or  ''dermal  membrane  '*  of  the  sponge  there  exist 
chndMn  lined  with  sponge-particles  which  are  provided 
^ik.  whmtile  filaments  or  cilia*  (fig.  20,  c  c).    The  pores  open 


'feir 


tic  section  of  Spangilla  (after  Huxley),     a  a  Superficial  layer  or 
ibcane  x"  hb  Inhalant  apertures  or  ** pores \"  c c  Ciliated  chambers  ; 
^Ab  rthahinf  ^lerture  or  "oacuium."    The  arrows  indicate  the  direction  of  the 


into  these  chambers,  and  from  them  proceed  the  incurrent 
canalSy  each  being  dilated  at  its  commencement  into  a  sac, 
which  is  also  lined  with  ciliated  sponge  -  particles.  By  the 
vibratile  action  of  these  cilia,  currents  of  water  are  caused  to 
set  in  by  the  pores ;  and  as  out-going  currents  proceed  from 
the  oscula,  a  constant  circulation  of  fresh  water  is  maintained 
through  the  entire  sponge.  In  this  way  each  individual 
sponge-pardcle  is  enabled  to  obtain  nutriment;  the  process 
being  at  the  same  time  not  improbably  a  rudimentary  fonn  of 
res{Mxation.  The  chambers  or  sacs  lined  with  ciliated  sarcoids 
have  been  shown  by  Mr  Carter  to  be  the  essential  element  in 
the  organisation  of  the  fresh-water  and  marine  sponges,  and  to 
be  the  fundamental  expression  of  the  alimentary  system. 

In  a  few  Sponges  (the  Myxospangia  of  Hseckel),  as  in  the 
yaxQ&  Halisarca^  there  is  no  skeleton,  and  the  organism  con- 
sists of  an  aggregate  of  masses  of  sarcode,  permeated  by 
branched  canals,  which  are  ever3n¥here  inflated  into  cham- 
bers lined  by  ciliated  sponge-particles  or  sarcoids.  As  a  gen- 
eral rule,  however,  the  soft  protoplasmic  aggregate  which  con- 
stitutes the  living  animal  of  the  sponge  is  supported  by  more 
or  less  extensively-developed  hard  structures,  which  collectively 
bin  the  sketdatu    The  nature  of  the  skeleton  varies  greatly  in 

F 


82 


MANUAL  OF  ZOOLOGY. 


different  fonns,  and  the  variations  are  of  great  importance  in 
the  identification  and  classification  of  the  Sponges.  Id  the 
soolled  "  homy  "  Sponges  (the  Keratosa  of  Bowerbank)  the 
skeleton  (fig.  21)  is  composed  of  numerous  fibres  of  a  homy 
substance  ("  ketatode  ")  interlaced  to  form  a  matted  netn-ork. 


■pougo,  (Tcally  maflp^ficd. 


In  the  Sponges  of  commerce  {Spongia)  the  skeleton  is  simply 
composed  of  these  reticulated  homy  fibres;  but  in  most  <^ 
the  "  Homy  "  Sponges  (such  as  HaiUhondria,  SpongUla,  &c), 
we  find  in  addition  numerous  siliceous  bodies  which  partly 
strengthen  the  homy  fibres,  and  are  partly  scattered  through 
the  sarcode.  These  so-called  "spicules"  (figs.  31  and  33) 
are  of  very  varied  shapes,  and  of  micmscopic  dimensions,  and 
their  form  is  usually  characteristic  of  the  particular  sponge  in 
which  they  occur. 

In  the  sOKslled  "calcareous"  Sponges  (Cakispmgia:)  the 
skeleton  is  composed  of  numerous  calcareous  spicules  (fig.  19, 
A),  which  are  in  the  iona  of  simple  fusiform  rods  or  of  three- 
rayed  (rarely  four-rayed)  needles,  and  are  arranged  in  different 
ways  in  different  species. 

in  the  typical  "siliceous"  Sponges  {SilidsjKmgiat)  the  skele- 
ton is  composed  of  fibres  of  fiint  variously  disposed,  though 
some  observers  include  in  this  group  all  the  Homy  Sponges  as 
well  The  siliceous  Sponges  are  mostly  inhabitants  of  the  deep 
sea,  and  many  of  them  are  remarkable  not  only  for  their  ex- 
treme beauty,  but  for  the  great  length  of  the  siliceous  spicules 
of  which  the  skeleton  is  made  up.  In  some  (  Vitrea  or  HeX' 
aiiindiida)  the  skeleton  is  composed  primitively  c^  six-iayed 


spicules,  often  of  large  size,  which  generally  become  finally 
soldered  together  immovably,  so  as  to  form  a  delicate  glassy 
framework  of  silica.  In  others  {Lithistidte),  the  spicules  are 
not  priroitively  six-rayed,  and  they  are  irregularly  disposed.  In 
others,  again,  the  skeleton  is  composed  of  radiating  bundles  of 
long  siliceous  spicules.  Among  the  more  remarkable  of  the 
Siliceous  Sponges  is  Jfyalonema,  or  the  "  glass -rope,"  long 
placed  amongst  the  Zoophytes  (Zoantharia  scUroiasica),  and  still 
considered  as  such  by  competent  authorities,  in  which  there  is 
a  cup-shaped  sponge-body,  supported  by  a  rope  of  long  twisted 
siliceous  fibres,  which  are  sunk  in  the  mud  of  the  sea-bottom. 
In  other  "anchoring  sponges,"  such  as  Pheronana  and  Hoi- 
tmia,  the  body  is  sessile  or  stemless,  and  is  moored  to  the  mud 
b^  a  beard  of  long  delicate  spicules.  These  sponges,  in  their 
single,  long,  chimney-like  osculum,  show  a  curious  resemblance 
to  the  fossil  aphonia  of  the  Green-sand.  Similar  root-fibres  of 
flint,  traversing  the  mud  in  every  direction,  occur  in  the  beau- 
tiftil  Venus'  Flower-basket  {Eupledella),  without  any  exception 
one  of  the  most  exquisite  of  all  organic  structures  known  to  us. 
In  the  living  state,  the  skeleton  of  Euplectella  is  completely 
concealed  by  a  thick  covering  of  brown  sarcodc.  Primitively, 
also,  the  skeleton  is  flexible  and  soft, 
the  original  spicules  (which  are  of  large 
lize)  becoming  ultimately  completely 
covered  with  a  coating  of  vitreous  silex, 
to  that  their  original  shape  is  altogether 
masked. 

Tbe  repmductioa  of  iponges  may  be  effected 
titbet  BicxDBlly  or  lexDBlly,  the  following  being 
>  brief  outline  of  the  phenomena  which  have 
been  ofaaerved  in  the  common  fresh-w>ler  sponge 
iSpmplU\,  in  which  the  process  was  firat  accu- 
■aUf  noticed. 

In  the  lint  or  nsemul  method  of  reproduction, 
vliidi  takes  place  io  the  winter,  the  deeper  por- 
tioBi  of  the  qmoge  are  found  to  be  filled  with 
man  *eed-like  ronoded  bodies,  termed  "gem-  >> 

aolea"  or  "spores,"  each  of  which  possesses  a   _.  r         i  jr 

nil  apertore  or  "hilnm"  at  on*  point  (fig.  *^^^,THnuT*KLsK|: 
1^  i).  Each  genuniile  is  compoxed  of  an  outer  miiic  Hction  of  the  gen* 
cotMccowa  capnie  rarroundea  bjr  a  layer  of  <»'>'<■  •hawing  ihc  outer 
pecalnr  asteroid  qiicida,  resembling  two  toothed  f^^,  miSv'c!^  ^Om 
vWels  Boited  by  an  aide,  and  termed  "am-  uTibe  amphidua  ikii  In 
pUdacs"  (fi£.  33,  b,  f).  'These  amphidiscs  are  profile. 
tibedded  in  tairode,  whilst  their  inner  surfaces 

■CK  opon  Ae  teaielated  capsule  already  mentioned.  In  ihe  interior  of 
Ac  "pf">T  Ihn*  foRncd  i*  a  mass  of  protoplasmic  cells,  which,  on  the 
(•■iBg  of  qning,  ia  extruded  through  the  hiliform  opening  of  the  cap- 
■dc  into  tlw  water,  aod  becomes  developed  into  a  young  SfengUla. 


84  MANUAL  OF  ZOOLOGY. 

In  the  secoDd  or  sexual  method  or  reprodoction,  certain  of  the  nonge- 

eniclei  or  "urcoids"  sepamte  themselves  and  become  nacIeolo-nuc> 
lied,  thus  coDsliluting  Ova.  At  the  same  time  other  sarcoids  become 
motionle^,  and  (heir  contents  become  molecular,  and  are  finally  converted 
into  spennatoioa.  By  the  rupture  of  these,  and  by  Ihe  consequent  contad 
of  the  dilfercnl  elements  {fig.  14,  A),  embryos  are  produced,  which  are  at 
first  ciliated  and  move  about  freely,  becoming  eventually  stationary,  and 
developing  into  new  individuals. 

As  regards  the  deoelopm^nt  of  (he  sponges,  the  impregnated  ovum  (^ 
24,  A)  cleaves,  by  (he  usual  process  of  *'segmen(alion,  '  into  a  mass  of 
primi(ive  cells,  some(imes  containing  centrally  a  primitive  and  tempom; 
cavity  (fig.  24,  B).     These  ceU  ow 


•nricules,  «nd  thi  commcn  cine  hod  y<aviiy  I 

nnd  the  iprimitive  opening  inio  tht  body-cmvily  (r)  h 

F.  Youno.SV™!,  lii  d«y«  oid,  thowing  the  iklfcloo  ; 

c  CJIiaKdindodcRiul  ctJIi.    (Aiiificr  Ksckcli  B,  C,  D,  E.  iDil  F  are  all 
nikofT.) 

of  which  nliimately  forms  (he  eitetnal  layer  (ectoderm  1,  whilst  the  other 
forms  the  internal  fayerfendoderm).  As  described  by  MetschnikofTin  (be 
embryo  of  Sycon,  these  groups  of  cells  at  first  form  the  two  pole»  of  the 
larva,  the  cells  of  the  endoderm  being  ciliated  (fig.  24,  B,  0>  "Kd  enabling 
(he  organism  to  swim  actively  throngh  the  water,  whilst  the  cells  of  the 
ectoderm  are  non-ciliB(ed  (fig.  24,  B,  *).  In  the  process  of  growth,  tbe 
ciliated  endodermal  cells  become  gradnally  retracted  into  tbe  interior  of 
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rm  (fig.  24,  C  and  D),  till  the  body  becomes  completely  invaginated 

tself.     In  this  condition  (fig.  24,  £)  it  forms  what  Hixx:kcl  terms  a 

nla,**  and  consists  of  two  layers  of  cells,  an  outer  and  an  inner,  en- 

a  central  cavity,  which  communicates  with  the  outer  water  by  a 

primitive  opening.     This  aperture  is  formed  by  the  invagination 

body,  and  not  by  rupture  of  the  walls  of  the  central  cavity.     The 

Q  is  formed  in  the  ectodermal  layer,  and  the  primitive  opening  into 

dij-caviry  becomes  finally  effaced.     In  its  further  development,  the 

tponge,  now  consisting  of  two  cellular  layers  surrounding  a  closed 

cavity  (fig.  24,  F),  fixes  itself  by  one  extremity  to  some  foreign 

m.  primitive  "oscnlam"  is  developed  at  the  free  extremity  of  the 

ana  the  walls  become  perforated  with  numerous  small  apertures, 

■Itimatelj  become  the  inhalant  openings  or  "pores"  of  the  adult. 

■Id  be  added  that  the  account  of  the  development  of  the  Ca/d- 

hy  Hseckel  differs  in  some  points  very  materially  from  the 

LTIOK  OP  THB  SPONGES. — ^Various  svstems  of  classification 

have  been  proposed  by  Sir  Wyvillc  Thomson,  Hseckel, 

ak,  and  other  observers,  and  the  first  mentioned  of  these 

(In  paiticiilar  has  given  an  excellent  arrangement  of  these  per- 

— "nuoMt     Without,  however,  entering  into  any  of  these  S3rstems 

foUowing  may  be  mentioned  as  being  the  principal  groups  of 

VUS  Sponges  {Calcarea  or  Calcis/Hmgitr) : — Spicules  calca- 
three-xayed,  stellate  (Graniia,  Sycon). 

mCES  [J^eralosa) : — Skeleton,  composed  of  homy,  matted, 
fibra,  with  or  without  siliceous  spicules  in  addition  {//a/i' 
Esperia^  Spongta,  &c.). 
rs   Sponges  (Silicea  or  Silicispongia)  : — Skeleton  com- 
r  fibres  or  spicules,  arranged  in  various  ways.   I  n  the  *  W  itreous 
1)  the  skeleton  is  composed  of  primitively  six -rayed  spicules, 
ly  fused  together  into  a  net-work  in  the  adult,  and  the 
typically,  hexradiate  spicules  of  silica  as  well  {Ex.  Euplec- 
i).     In  such  forms  as  Tethya  and  Gcodia  (the  "  Radiantia '') 
nsists  of  radiating  sheaves  of  long  siliceous  spicules,  which 
\n  a  cortical  layer.     Lastly,  in  Xenospongia^  the  sponge  forms 
g[Uitiiiated  sand,  with  diverging  spicules  on  its  periphery,  and 
I  of  SfHCula  surrounding  the  osciUa. 
Mfyx^afcngia: — Sponge  destitute  of  either  a  homy  or  siliceous 

STRiBunoN  OF  Sponges  IN  SPACE. — Sponges  are  almost 
sively  marine,  the  Spongilla  alone  being  inhabitants  of 
water ;  and  they  are  of  almost  universal  occurrence.  The 
jcs  of  commerce  are  mostly  obtained  from  the  Grecian 
ipelago  and  the  Bahama  Islands.  The  common  marine 
gcs  are  mostly  found  attached  to  some  solid  object  between 
tnarks  or  in  deep  water.  One  genus  (Cliona)  inhabits 
ching  cavities  in  shells,  which  the  sponge  excavates  for 
'  apparently  by  means  of  its  siliceous  spicula,  and  fossil 
s  mined  by  a  boring-sponge,  allied  to  the  recent  Cliona^ 
ound  from  the  Silurian  rocks  upwards.  The  vitreous  or 
M}U8  sponges  appear  to  be  exclusively  inhabitants  of  the 
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deeper  parts  of  the  ocean,  and  our  knowledge  of  these  beauti- 
ful forms  has  been  enormously  increased  during  late  years  by 
the  researches  into  the  fauna  of  the  deep  sea,  which  have  been 
carried  out  by  Sir  Wyville  Thomson,  Carpenter,  Sars,  and 
other  well-known  observers.  Much  also  has  been  added  to 
our  knowledge  of  the  CalcisponguB  by  the  elaborate  investiga- 
tions of  Haeckel,  Oscar  Schmidt,  Metschnikoff,  and  others. 

Distribution  of  Sponges  in  Time. — Remains  of  sponges 
are  known  to  occur  in  formations  belonging  to  the  Palseozoic, 
Mesozoic,  and  Kainozoic  epochs.  The  keratose  or  homy 
sponges  are  obviously  incapable  of  leaving  any  evidence  of 
their  existence,  otherwise  than  by  the  preservation  of  the 
spicula  with  which  the  skeleton  is  sometimes  furnished ;  and 
such  are  occasionally  found,  though  they  are  of  rare  occurrence. 
The  calcareous  sponges  are  found  from  the  Silurian  rocks 
upwards,  though  great  obscurity  still  rests  upon  the  true  nature 
and  affinities  of  many  of  the  fossils  which  have  been  referred 
to  this  group.  The  "  Vitreous  Sponges  "  are  known  to  occur 
in  the  Palaeozoic  period,  but  they  are  much  more  abundant  in 
the  Secondary  rocks,  and  they  attain  their  maximum  in  the 
Cretaceous  deposits,  where  they  are  represented  by  the  beauti- 
ful group  of  sponges  known  as  the  Vmtriculitidcs, 

Affinities  and  Systematic  Position  of  the  Sponges. — 
Great  doubts  still  exist  as  to  the  real  relations  and  zoological 
place  of  the  sponges ;  and  though  placed  here  with  the  Rhizo- 
poda^  there  are  many  considerations  which  render  this  collo- 
cation objectionable.  The  opinions  of  naturalists  in  this 
matter  are  still  unsettled,  and  the  whole  subject  is  a  very  com- 
plex one,  so  that  it  will  be  sufficient  to  simply  allude  to  one 
or  two  of  the  more  important  points  affecting  this  question. 
We  have  seen  that  each  sponge  may  be  regarded  as  an  aggre- 
gate of  protoplasmic  masses  (sarcoids),  each  of  which  is  mor- 
phologically a  single  "cell."  This  fact  in  itself,  as  pointed 
out  by  Haeckel,  is  an  important  one,  for  the  typical  Rhizop>od, 
such  as  Amosba,  is  to  be  looked  upon  as  morphologically  a 
single  cell  leading  an  independent  life,  and  singly  discharging 
all  the  functions  of  vitality.  Upon  this  ground,  as  well  as 
upon  weighty  developmental  grounds,  Haeckel  would  remove 
the  sponges  altogether  from  the  Protozoa,  and  would  place  them 
among  the  Ccslcnterata.  On  the  other  hand,  the  individual 
"  sarcoid  "  of  a  sponge,  if  non-ciliated,  presents  a  resemblance 
to  an  Amaba,  which  is  far  too  striking  to  be  overlooked; 
whilst  the  ciliated  sarcoids  present  an  equally  conspicuous 
similarity  to  the  Flagellate  Infusoria.  Indeed,  it  is  very  diffi- 
cult to  see  upon  what  classificatory  principle  those  sponges 
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(such  as  ITalisarca)  which  have  no  skeleton  can  be  separated 
from  such  compound  Flagellate  Infusoria  as  PhalanstaHutn. 
There  are  also  many  points  of  affinity  between  the  sponges 
and  the  Rcuiioiaria,  These  considerations  appear  to  be  suffi- 
cient, in  the  meanwhile,  and  in  a  work  of  this  nature,  to  justify 
the  retention  of  the  Spongida  in  the  sub-kingdom  Protozoa,  in 
which  case  they  find  their  most  natural  position  in  or  close 
to  the  Rhizopodci.  It  is  to  be  remembered,  however,  that  they 
differ  from  the  other  Protozoa  and  agree  with  the  Coslmterata 
in  the  fact  that  the  adult  is  multicellular ;  that  the  ovum  breaks 
up  on  fecundation  into  a  mass  of  primitive  embryonic  cells ; 
and  that  the  larva  passes  through  a  stage  (*'  gastrula  "  stage)  in 
which  it  is  conip>osed  of  an  outer  and  inner  cellular  layer,  en- 
dosing  a  central  cavity,  which  communicates  with  the  outer 
world  by  a  single  opening. 


CHAPTER  VI. 
INFUSORIA. 


The  Infusoria  of  many  writers  comprise  many  of  the  lowest 
forms  of  plants — such  as  the  Diatoms — together  with  the  Poti- 
fera^  a  class  of  minute  animals  now  known  to  belong  to  the 
Armuloida,     By  modern  writers,  however,  the  term  Infusoria 
is  used  strictly  to  designate  those  Protozoa  which  possess  a 
mouth  and  rudimentary  digestive  cavity.     They  are,  for  this 
reason,  often  called  collectively  the  "  stomatode  "  Protozoa,  in 
contradistinction  to  the  remaining  members  of  the  sub-kingdom, 
which  are  all  "  astomatous."     The  so-called  "  suctorial "  Infu- 
soria  {Acinfta),  however,  appear  to  have  no  definite  oral  aper- 
ture; and  the  same  is  the  case  with  the  parasitic  Opalinay 
though  there  is  great  doubt  as  to  the  propriety  of  placing  this  in 
the  Infusoria  at  all.     The  name  Infusoria  itself  is  derived  from 
the  fact  that  the  members  of  the  class  are  often  developed  in 
organic  infusions. 

The  Infusoria  or  Siomotode  Protozoa  may  be  defined  as  Pro- 
tozoa which  are  mostly  provided  with  a  mouth  and  rudimentary 
digestive  cavity,  which  do  not  possess  the  power  of  emitting  pseudo- 
podia,  but  which  are  furnished  with  vibratile  cilia,  or  with  con- 
tractile filaments.  They  are  mostly  microscopic  in  size,  the  sarcode 
is  differentiated  into  an  ectosarcand  an  endosarc,  and  a  nucleus  and 
oontradiU  veside  are  present. 
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Most  modem  writers  regard  the  Infusoria  as  strictly  speaking 
"unicellular"  animals,  each  of  the  simple  individuals  corre- 
sponding morphologically  to  a  single  cell  Upon  this  view — 
which  is  by  no  meaas  free  from  difficulties — the  "  nucleus  "  of 
the  Infusorian  animalcules  really  corresponds  with  the  struc- 
ture known  by  the  same  name  in  an  ordinary  animal  or  vc^e- 
uble  cell. 

The  Infusoria  may  be  divided  into  three  orders — vii^ 
Sudoria,  CUiata,  and  ftagdlata — of  which  the  second  comprises 
the  majority  of  the  members  of  the  class,  and  alone  requires 
much  consideration. 

I.  Order  Ciliata. — ^This  order  comprises  those  Infusoria 
in  which  the  outer  layer  of  the  body  is  more  or  less  abundantly 
furnished  with  vibratile  cilia,  which  serve  either  for  locomotim 
or  for  the  procuring  of  food.  Besides  cilia,  properly  so  called, 
some  of  the  ciliated  Infusoria  are  provided  with  styles  or  jointed 
bristles,  which  are  movable,  and  subserve  locomotion ;  whilst 
others  have  little  hooks  or  undni,  with  which  they  can  attach 
themselves  to  foreign  bodies.  As  types  of  the  order,  Parama- 
cium  and  Vorticella  may  be  selected,  the  former  being  free, 
whilst  the  latter  is  permanently  fixed  in  its  adult  condition. 

Paramacium  (hg.  25,  c)  is  a  slipper-shaped  animalcule,  com- 
posed externally  of  a  structureless  transparent  pellicle — the 


Fig.  jj. — Morplwloty  of  II....^ 
calvx  of  the  uinc.  iTculy  mil 
wilt,  and  iheciJiaKa  inWrnal  u.iir  mtv  -iin.»  lu 

of  the  bod^  are  Ehe  cootnclale  \t 

epflEKnunon  of  Paramttcium,  il 
Ihe  nucleui  and  niKleolui,  bad.vacudei.  and  iwo  contra 
fyntna;  t  Pmauma  rUulMa,  a  flagellate  lufiumjui. 

"cuticle" — which  is  lined  by  a  layer  of  firm  and  conustent  sar- 
code,  which  is  termed  the  "  cortical  layer,"  or  the  "  parenchyma 
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of  the  body,"  this  is  turn  passing  into  a  central  mass  of  softer 
and  more  diffluent  sarcode,  known  as  the  "  chyme-mass,"  or 
"  endoplasm."  The  cuticle  is  merely  the  structureless  hard- 
ened external  lamina  of  the  "  cortical  layer,"  and  it  may  in 
some  cases  form  a  r^ular  protective  sheath  ( Vaginicoia),  a 
honiy  shell  (Codonella),  or  even  a  reticulated  siliceous  enve- 
lope (as  in  Didyocysta).  Beneath  the  "cuticle  "is  the  layer 
from  which  the  cilia  are  given  oif,  and  below  that,  again,  is  a 
finely-striated  or  fibiillated  contractile  layer  ("  myophane  layer  " 
of  Hscckel),  which  corresponds  physiologically  to  the  muscles 
<rf  higher  animals.  In  some  Infusorians  there  is  a  still  more 
internal  lamina  of  the  "  cortical  layer,"  which  is  charged  with 
the  singular  litde  organs  known  as  "  trichocysts."  These  are 
vesicular  microscopic  bodies,  capable  of  emitting  thread-like 
filaments,  doubtless  employed  by  the  animal  in  defence  and 
offence,  and  in  many  respects  closely  resembling  the  "  thread- 
cells  "  of  the  Ccelenierata. 

The   "cuticle"  in  Paramecium  is  covered  with  vibratile 
dlia  (fig.  36),  and  is  perforated  by  the  aperture  of  the  mouth. 


R|.9&-A,A  

fi-  Pmranurdum  hwnarit  (aAer 


ffun-jW  (after  fihroibfTf). 


The  mouth  leads  into  a  funnel-shaped  gullet,  which  is  not 
continued  into  a  distinct  digestive  sac,  but  loses  itself  in  the 
wft  central  protoplasm.  On  the  line  of  boundary  between  the 
cortical  layer  and  the  diffluent  central  sarcode  are  placed  the 
"nucleus "  and  the  "contractile  vesicle"  (or  vesicles).  The 
"nndcus"  is  an  oval  body  (in  some  forms  band-shaped  or  rod- 
like), consisting  of  an  outer  membrane  enclosing  granular  con- 
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tents,  and  often  having  a  smaller  spherical  particle  applied  to 
its  exterior  or  immersed  in  its  substance.  This  latter  is  the 
so-called  "nucleolus,"  which  must  be  carefully  distinguished 
from  the  nucleolus  of  a  cell,  which  occurs  in  the  interior  of  the 
nucleus.  The  contractile  vesicles  are  clear  spaces,  which  con- 
tract and  dilate  at  intervals,  and  occasionally  exhibit  radiating 
canals  passing  into  the  surrounding  sarcode.  Ordinarily  one 
contractile  vesicle  is  present,  or  at  most  two,  but  in  some  cases 
there  may  be  several.  It  has  also  been  maintained  that  the 
contractile  vesicles  communicate  with  the  exterior  of  the  body, 
but  proofs  are  wanting  on  this  point.  Whether  this  should 
ultimately  be  established  or  not,  there  can  be  little  doubt  but 
that  the  vesicles  are  a  rudimentary  form  of  vascular  apparatus. 
Others,  however,  hold,  with  some  probability,  that  the  contrac- 
tile vesicles  are  to  be  regarded  as  excretory  in  function,  and 
that  they  correspond  more  with  the  water-vascular  system  of  the 
Annuloida  than  with  the  true  blood-vascular  system  of  higher 
animals.  Certain  other  spaces  termed  "  vacuoles  "  are  gener- 
ally visible  in  addition  to  the  contractile  vesicles.  These, 
however,  are  probably  merely  collections  of  water  surrounding 
the  particles  of  ingested  food,  and  performing  with  them  a 
circulation  in  the  abdominal  cavity,  something  like  the  circu- 
lation of  granules  which  is  seen  in  certain  vegetable  cells.  It 
was  the  appearance  of  these  "  vacuoles  " — which  are  certainly 
not  permanent  organs  of  any  kind — which  induced  Ehrenberg 
to  term  the  Infusoria  the  "  Polygastrica,'*  upon  the  belief  that 
the  vacuoles  were  so  many  stomachs. 

Paramcscium  obtains  its  food  by  means  of  the  currents  of 
water  which  are  set  up  by  the  constantly-vibrating  cilia.  The 
nutritive  particles  thus  brought  to  the  mouth  pass  into  the 
central  abdominal  cavity,  along  with  the  contents  of  which 
they  undergo  the  circulation  above  spoken  of.  Indigestible 
and  faecal  particles  appear  to  be  expelled  by  a  distinct  anal 
aperture,  which  is  situated  near  the  mouth. 

Reproduction  in  Paramecium  may  be  effected  non-sexually, 
by  fission,  the  body  dividing  transversely  into  two  halves,  and 
the  process  of  cleavage  commencing  first  with  the  division  of 
the  nucleus  (fig.  26,  B).  Longitudinal  fission  is  also  stated  to 
occur  (fig.  26,  C) ;  but  it  is  questionable  whether  the  appear- 
ances which  have  led  to  this  statement  may  not  really  be  due 
to  the  coalescence  and  temporary  conjugation  of  two  indi- 
viduals. Most  authorities  further  believe  that  Paramctcium 
has  the  power  of  true  sexual  reproduction,  the  "nucleus" 
playing  the  part  of  an  ovary  in  the  process,  and  the  "  nucle- 
olus "  acting  as  a  testis.     In  this  process,  as  described  by  Bal- 
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biani,  two  Paranuecia  come  together,  and  adhere  closely  to 
one  another  by  their  ventral  surfaces.  The  "nucleus"  in- 
creases in  size,  and  a  number  of  ovules  are  formed  in  its  inte- 
rior. In  like  manner,  the  "  nucleolus  "  of  each  also  enlarges, 
and  develops  in  its  interior  a  number  of  fusiform  or  rod-like 
bodies,  which  are  believed  to  be  spermatozoa.  The  nucleolus 
of  each  then  passes  into  the  body  of  the  other,  the  act  of  trans- 
ference being  effected  through  the  mouth.  Contact  of  the  two 
reproductive  elements  then  takes  place,  and  the  fecundated 
ovules  after  their  liberation  from  the  body  of  the  parent  are 
developed  into  adult  Paramcsda, 

Other  observers,  however,  are  disposed  to  believe  that  this 
"conjugation"  of  two  Paramxcia  is  not  a  genuine  sexual  pro- 
cess, that  the  "  nucleolus "  is  not  a  true  testis,  and  that  the 
rounded  bodies  into  which  the  "  nucleus "  breaks  up  can  be 
developed  into  new  individuals  directly  and  without  contact 
with  a  second  reproductive  element. 

Vorticitta  (fig.  27,  c)  is  a  beautiful  flower-like  Infusorian  which  is  com- 
monly found  in  fres^  water,  adhering  to  the  stems  of  aquatic  plants.  It 
consists  of  a  bell-shaped  body  or  "calyx,"  supported  upon  the  extremity 
of  a  slender  contractile  stem  or  **  pedicle."  The  other  extremity  of  the 
pedicle  is  fixed  to  some  foreign  boay,  and  its  power  of  contraction  is  due 
to  the  presence  in  its  interior  of  a  spiral  contractile  fibre,  which  is  some- 
times called  the  "stem-muscle."  The  edge  of  the  bell  or  calyx  is  sur- 
rounded by  a  projecting  rim  or  border,  called  the  "peristome,"  within 
which  is  a  circular  surface,  the  "disc,"  forming  the  upper  extremity  of 
the  so-called  "rotatory  organ."  The  disc  is  surrounded  by  a  fringe  of 
vibratile  cilia,  forming  a  spiral  line  which  is  prolonged  into  the  commence- 
ment of  the  digestive  canal.  Near  the  edge  of  the  disc  is  situated  the 
mouth,  which  conducts  by  its  entrance  or  "vestibulum"  into  a  fusiform 
canal  or  "pharynx,"  which  terminates  abruptly  in  the  abdominal  cavity. 
The  particles  of  food  are  taken  in  at  the  mouth,  descend  through  the  short 
alimentary  canal,  and  enter  the  abdominal  cavity,  where  they  are  subjected 
to  the  general  rotation  of  the  "  chyme-mass,"  being  finally  excreted  by  an 
anal  aperture  which  is  situated  near  the  mouth  and  within  the  vestibule. 
As  in  Paramcecium^  the  body  in  Vorticella  is  composed  of  an  outer  "cuticle," 
a  central  "chyme-mass,"  and  an  intermediate  "cortical  layer,"  which  con- 
tains a  contractile  vesicle  and  a  band-like  nucleus. 

Reproduction  in  Vorticella  may  take  place  by  fission,  or  by  gemmation, 
or  by  a  process  of  encystation  and  endo^^enous  division.  In  the  first  of 
these  modes  the  calyx  becomes  indented  m  a  longitudinal  direction — viz., 
from  the  pedicle  to  the  disc ;  and  the  groove  thus  formed  becomes  gradu- 
ally deeper  until  the  calyx  is  finally  divided  into  two  halves  supported 
npon  the  same  pedicle.  On  one  of  these  cups  a  "posterior"  circlet  of 
miaisthcn  formed  in  addition  to  the  "anterior"  circlet  already  existing 
(i.^.,  a  fringe  of  cilia  is  developed  round  that  end  of  the  calyx  which  is 
nearest  the  attachment  of  the  pedicle  and  furthest  from  the  disc).  The 
cup  (fig.  27,  d)t  thus  fiimished  with  a  circlet  of  cilia  at  both  extremities,  is 
then  detached,  and  swims  about  freely.  Finally,  the  anterior  circlet  of 
dlii  disappean,  and  this  end  of  the  calyx  puts  forth  a  pedicle  and  becomes 
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attached  to  some  foreign  object  A  new  mouth  is  now  formed  within  what 
was  before  the  posterior  circlet  of  cilia ;  so  that  the  position  and  function 
of  the  two  extremities  of  the  calyx  are  thus  reversed. 

In  the  second  mode  of  reproduction — namely,  that  by  gemmation— 
exactly  the  same  phenomena  take  place,  with  this  single  difference,  that 
in  this  case  the  new  individual  is  not  produced  by  a  sjuitting  into  two  of 
the  adult  calyx,  but  by  means  of  a  bud  thrown  out  from  near  its  proximal 
extremity.  This  bud  is  composed  of  a  prolongation  of  the  cuticular  and 
cortical  layers  of  the  adult  with  a  caecal  diverticulum  of  the  abdominal 
cavity  or  chyme-mass.  It  soon  develops  a  posterior  circlet  of  cilia,  the 
connection  with  the  parent  is  rapidly  constricted  until  complete  separation 
is  effected,  and  then  the  process  differs  in  no  respect  from  that  described 
as  occurring  in  the  fissiparous  method  of  reproduction.  According  to 
Stein  and  Greeff,  however,  these  so-called  **  buds  "are  really  small  calyces, 
produced  bv  fission  of  one  Vorticella  and  then  attaching  themselves  to  the 
outside  of  tne  calyx  of  another  individual. 

In  the  third  mode  of  reproduction  the  Vorticella  encysts  itself  in  a  cap- 
sule, the  cilia  and  pedicle  disappear,  and  the  nucleus  breaks  up  into  a 
number  of  rounded  germs,  which  are  ultimately  liberated  by  the  rupture 
of  the  cyst,  and  after  a  short  locomotive  stage,  develop  themselves  into 
fresh  Vorticella.  How  far  this  process  may  be  truly  sexual  is  not  known, 
and  no  form  of  unequivocal  sexual  reproduction  has  hitherto  been  shown 
to  occur  in  the  case  of  Vorticella, 

Epistylis  is  a  not  uncommon  form  of  fixed  Infusorian  which  is  nearlv 
allied  to  Vorticella^  and  differs  chiefly  in  the  fact  that  the  pedicle  is  mucn 
branchcil,  and  rigid  and  not  contractile.  It  usually  occurs  in  the  form  of 
a  greyish-white  nap  on  the  stems  of  water-plants,  or  on  the  head  of  the 
common  water-beetle,  the  Dytiscus  marginalis.  It  consists  of  a  plant-like 
branching  and  re-branching  frond  (fig.  25,  a),  the  stems  of  which  are  quite 
transparent  and  faintly  striated,  but  are  not  contractile,  though  capable  of 
movement  from  side  to  side.  Each  branch  of  the  entire  colony  terminates 
in  an  oval  calyx,  articulated  to  the  stem  by  a  distinct  joint,  upon  which  it 
can  move  from  side  to  side.  The  sarcode-body  enclosed  within  this  cortical 
layer  is  of  a  light-brown  colour,  and  full  of  minute  granules,  with  larger 
food-vacuoles  and  a  well-marked  contractile  vesicle,  which  contracts  and 
dilates  two  or  three  times  a  minute.  The  animal  can  retract  itself  entirely 
within  its  cup,  and  can  at  will  exsert  a  ciliated  disc. 

Carchesium  is  another  form  ^hich  is  like  Epistylis  in  consisting  of  a 
number  of  calyces  supported  upon  a  branched  pedicfe,  but  differs  from  E^' 
stylis  and  agrees  with  Vorticella  in  the  fact  that  the  pedicle  is  contractile. 

Stentor^  or  the  trumpet-animalcule  (fig.  27,  b\  is  another  common  In* 
fusorian  which  is  closely  related  to  Vorticella,  It  consists  of  a  trumpet- 
shaped  calyx,  devoid  of  a  pedicle,  but  possessing  the  power  of  attaching 
and  detaching  itself  at  will  When  detached  it  swims  by  means  of  the 
anterior  circlet  of  cilia,  just  as  the  calyx  of  Vorticella  will  if  broken  from 
its  stalk.  In  Vaginicola  (fig.  27,  a)  the  essential  structure  is  much  the 
same  as  in  Vorticella^  but  the  body  is  protected  by  a  membranous  or  homy 
case  ("carapace"  or  "  lorica"),  which  is  formed  by  a  hardening  of  the 
cuticle,  and  within  which  the  animal  can  retire. 

II.  Order  Suctoria. — This  order  includes  a  series  of  Jn- 
fusorid  of  a  very  anomalous  nature.  In  Adneta  or  in  Podo- 
phrya  {^g.  28,  A),  which  may  be  taken  as  t}-pes,  the  body  is 
provided  with  a  number  of  radiating  filamentous  tubes,  which 
are  furnished  at  their  extremities  with  suctorial  discs,  and  are 
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capable  both  of  exsemon  and  retraction.  These  retractile 
tubes  both  sdie  the  prey  and  serve  as  vehicles  for  the  ingestion 
of  food :  hence  the  teim  "  polystome,"  or  many-mouthed,  has 


"►•'■njJ'' 


«.— «  VarMalmrwyilMBlKi;  t 
^DcOH&d  bod  t/VtrHaUa,  ■] 


been  proposed  for  the  order  by  Professor  Greene,  A  nucleus 
and  one  or  more  contractile  processes  are  present,  but  they 
possess  no  cilia  in  their  adult  condition,  and  the  body  is  lixed 
to  some  foreign  object  by  a  stalk-Uke  extension  of  the  cortical 
layer. 

III.  Order  Flacellata. — This  order  comprises  those /«- 
fiaoria  which,  like  Peridinium,  find  their  means  of  locomotion 
in  long,  flexible,  lash-Iike  filaments,  termed  "llagella;"  cilia 
occasionally  being  present  as  well  In  some,  as  in  Perannna 
(fig.  25,  e),  and  in  the  Monads  (fig.  28,  B),  there  is  only  a  single 
one  of  these  appendages  ;  in  others,  as  in  Anisonema,  there  are 
two  flagella  ;  whilst  \r\.  HderomasHx  (fig.  28,  G)  and  Pleuronema 
»e  have  forms  apparently  transitional  between  the  Ciliala  and 
the  Flagellata,  since  both  cilia  and  flagella  are  present  in  these 
geneta.  In  all  their  other  essential  characters  the  flagellate 
Infusoria  do  not  differ  from  the  more  typical  members  of  the 
class,  with  which  they  agree  in  possessing  a  cuticle,  a  firm  cor- 
tical layer,  and  a  soft  granular  central  parenchyma,  whilst  they 
possess  a  nucleus  and  one  or  more  contractile  vesicles.  They 
have,  however,  the  peculiarity  that,  in  many  cases  at  any  rate, 
the  base  of  the  flagellum  is  surrounded  by  a  cup-like  or  cylin- 
<lrical  membranous  collar,  which  can  be  retracted  at  will. 
Many  also  (as  Euglata,  Astasia,  Heteromastix)  possess  the  sin- 
pilar  l»ighuy-coloured  mass  of  pigment  which  is  known  as  the 
"lyc-spot,"  and  which  may  possibly  be  a  species  of  sense- 
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organ  (fig.  38).     In  one  singular  form  (Phaiansterium  iatet- 
iinak),  the  organism  consists  of  numerous  zooids,  each  with  a 
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single  flagellum  and  projecting  membranous  collar,  enveloped 
basally  in  slimy  sarcode,  so  as  to  form  a  cylindrical  colony. 

Another  remarkable  animalcule  now  usually  referred  to  this 
group  is  Noctiluca,  which  occurs  abundantly  in  most  oceans, 
and  to  which  much  of  the  phosphorescence  of  the  sea  is  due.* 
It  is  of  large  size  and  spherical  in  form,  with  an  indentation  or 
"  hilum  "  at  one  side,  where  the  mouth  is  situated,  and  beside 
which  is  fixed  a  single  long  flagellum.  The  body  consists  of 
a  central  vacuolated  mass  of  protoplasm,  surrounded  by  a 

*  The  diffustd  luminosUy  of  the  sea  is  mainly  due  to  the  NocHltua 
mUiaris  I  but  its  partial  luminosily  is  due  to  various  phosphorescent  ani- 
mats,  amongst  whicli  are  the  Pkysalia  ulriculus  (the  Portuguese  man-of- 
war),  Mtiiuia,  Tunicata,  AnnHidn,  &c  The  cause  of  phosphorescence  i* 
variously  staled,  il  being  supposed  very  generally  lo  be  the  result  of  a  pro- 
cess of  slow  combustion  analogous  to  that  which  takes  place  in  phosphorus 
when  exposed  lo  the  atmosphere.  Upon  the  whole,  however,  it  appear* 
thai  the  phenomenon  is  a  vital  process,  consisting  essentially  in  the  conver* 
uon  of  nervous  force  {or  vital  enei^)  into  light ;  ju«t  as  the  same  force 
can  be  c«nverled  by  certain  lishes  into  electricity.  This  iranslormation 
■ppeais  geneiallji  to  require  a  special  apparatus  lor  its  production. 


PROTOZOA:  INFUSORIA.  95 

superficial  layer,  and  in  turn  invested  by  a  thin  cuticle.  The 
superficial  layer  is  connected  with  the  central  protoplasmic 
paienchjrma  by  numerous  radiating,  branched,  and  anastomos- 
ing filaments  of  sarcode.  The  luminosity  appears  to  reside  in 
nucleated  cellular  bodies  in  the  outer  layer  of  the  central  pro- 
tDplaain  that  is  to  say,  in  the  peripheral  layer  of  sarcode  im- 
mediatcijr  below  the  cuticle. 

DunuBunoN  of  the  Infusoria  in  Space  and  in  Time. — 
TbitlMfitsoHa  have  at  the  present  day  an  almost  universal  dis- 
tnbolion,  being  found  in  all  collections  of  fresh  and  salt  water, 
draqring  oiganic  matter  is  present,  and  where  the  other 
of  life  are  fovourable.  A  few  are  parasites  in  the 
intenpr  of  other  animals  (ppalina\  but  the  true  affinities  of 
ffiese  w  doubtful  Owing  to  the  fact  of  their  generally  wanting 
asflMBd  structures  which  could  have  been  preserved  in  a  fossil 
tmJSdastD^  no  true  Infusoria  *  can  be  said  with  certainty  to  have 
eniMid  in  former  periods  of  the  earth's  history,  though  they 
have  doubtless  abounded  in  past  time  as  now.  The  only  pos- 
sible exceptions  to  this  statement  are  certain  microscopic 
bodies  which  occur  in  the  Chalk-fiints,  and  which  Ehrenberg 
considered  to  be  the  protective  carapaces  of  Pcridinium  and 
allied  forms  of  Flagellate  Infusoria. 
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CHAPTER  VII. 

THE  SUB-KINGDOM  CCELENTERATA. 

I.  Characters  of  the  Sub -Kingdom.  2.  Divisions. 
3.  General  Characters  of  the  Hydrozoa.  4.  Ex- 
planation OF  Technical  Terms. 

The  Sub-kingdom  Calenterata  (Frey  and  Leuckhart)  may  be 
considered  as  a  modern  representative  of  the  Radiata  of 
Cuvier.  From  the  Radiata^  however,  the  Echinodermata  and 
Scolecida  have  been  removed  to  form  the  Annuloida,  the  entire 
sub-kingdom  of  the  Protozoa  has  been  taken  away,  and  the 
Polyzoa  have  been  relegated  to  their  proper  place  amongst  the 
Mollusca.  Deducting  these  groups  from  the  old  Radiata:, 
the  residue,  comprising  most  of  the  animals  commonly  known 
as  Polypes  or  Zoophytes,  remains  to  constitute  the  modem 
Ca'lenterata. 

The  Civlcnterata  may  be  defined  as  animals  whose  alimentary 
canal  communicates  freely  ^vith  the  general  cavity  of  the  body 
{^^  somatic  cavity'').  The  substance  of  the  body  is  made  up  of 
tivo  fundamental  membranes — an  outer  layer,  calltd  the  ^^  ecto- 
derm^' and  an  inner  layer,  or  ^^  endoderm,^  There  are  no 
distinct  neural  and  hcemal  regions,  and  in  the  great  majority  of 
the  members  of  the  sub-kingdom  there  are  no  traces  of  a  nervous 
system.  Peculiar  urticating  organs,  or  **  thread-cells^'  are  usually 
present ;  and,  generally  speaking,  a  radiate  condition  of  the  organs 
is  perceptible,  especially  in  the  tentacles  with  which  most  are 
provided  In  all  the  Cailenterata  distinct  reproductive  organs  have 
been  shoton  to  exist. 

The  leading  feature  which  distinguishes  the  Coslenterata,  and 
the  one  from  which  the  name  of  the  sub-kingdom  is  derived,  is 
the  peculiar  structure  of  the  digestive  system.  In  the  Protozoa, 
as  we  have  seen,  a  mouth  is  only  present  in  the  higher  forms, 
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and  in  no  case  is  there  any  definite  internal  cavity  bounded  by 
the  walls  of  the  body  to  which  the  name  of  "  body-cavity  "  or 
"somatic  cavity"  could  be  properly  applied  (unless  it  be 
allowed  that  such  really  exists  in  the  sponges).  In  animals 
higher  than  the  Oxlenierata,  on  the  other  hand,  there  is  not 
only  generally  a  permanent  mouth,  but  the  walls  of  the  body 
usually  enclose  a  permanent  chamber  or  "  body-cavity."  Fur- 
ther, in  most  cases,  tlie  mouth  conducts  into  an  alimentary 
canal,  which  is  always  distinct  from  the  body-cavity,  never 
opening  into  it,  but  usually  passing  through  it  to  open  on  the 
surface  by  another  distinct  aperture  (the  anus).  In  most  cases, 
iherefore,  the  alimentary  canal  is  a  tube  which  communicates 
nilh  the  outer  world  by  two  apertures — a  mouth  and  anus — 
but  which  simply  passes  through  the  body-cavily  without  in 
any  way  communicating  with  it.     In  the  CiKlaiterata  {fig.  29) 


there  is  an  intermediate  condition  of  parts.  There  is  a  distinct 
and  permanent  mouth,  and  a  distinct  and  permanent  body- 
i^ttty,  but  the  mouth  opens  into,  and  communicates  freelv 
»iih,  the  body-cavity.  In  some  cases  {Hydrozoa)  the  mouth 
opens  directly  into  the  general  body-cavity,  which  then  serves 
»3  a  digestive  cavity  as  well  (fig.  31).  In  other  cases  there 
uitCTvenes  between  the  mouth  and  the  body-cavity  a  short 
alimentary  tube,  which  communicates  externally  with  the  outer 
■odd  through  the  mouth,  and  opens  below  by  a  wide  aperture 
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into  the  general  cavity  of  the  body  {Actinozoaf  fig.  29).  In  no 
case  is  there  a  distinct  intestinal  canal  which  runs  through  the 
body  and  opens  on  the  surface  by  a  mouth  at  one  end  and  an 
excretory  aperture  or  anus  at  the  other.  It  should,  however, 
be  mentioned  here  that  some  modem  zoologists,  such  as  G^en- 
baur  and  Haeckel,  consider  that  the  entire  system  of  internal 
cavities  in  any  CcslenteraU  is  truly  homologous  with  the  intes- 
tinal canal  of  other  animals,  and  that  the  dxlmterata^  therefore, 
possess  no  true  body-cavity  at  all.  To  this  view  some  of  our  most 
distinguished  authorities,  such  as  Professor  AUman,  have  given 
their  adhesion,  and  there  is  no  doubt  that  there  are  weighty 
grounds  for  regarding  it  as  the  correct  explanation  of  the  facts, 
though  any  discussion  of  these  grounds  would  be  oiit  of  place 
here.  It  need  only  be  added  that  if  this  view  be  accepted,  it 
will  entirely  subvert  the  generally  received  conception  of  the 
structure  of  the  dxlenterata  as  above  expressed. 

Though  of  the  true  "  radiate  "  type,  some  Ccelenterates  show 
traces  of  bilateral  symmetry.  Thus,  in  some  Sea-anemones  one 
of  the  tentacles  is  larger  than,  or  differently  coloured  from,  the 
others ;  and  in  some  corals  two  of  the  primary  septa,  opposite 
one  another,  are  larger  than  the  rest,  and  divide  the  animal  into 
two  halves. 

With  regard  to  the  fundamental  tissues  of  the  Ccslenterata^ 
there  exist  two  primary  membranes,  of  which  one  forms  the 
outer  surface  of  the  body,  and  is  called  the  "ectoderm;" 
whilst  the  other  lines  the  alimentary  canal,  the  general  cavity 
of  the  body,  and  the  tubular  tentacles,  and  is  termed  the 
**  endoderm."  These  membranes  correspond  with  the  primi- 
tive serous  and  mucous  layers  of  the  germinal  area,  and  become 
differentiated  in  opposite  directions,  the  ectoderm  growing 
from  within  outwards,  the  endoderm  from  without  inwards. 
Each  is  primitively  cellular  in  its  minute  structure,  and  each 
may  be  rendered  more  or  less  complex  by  vacuolation  or  fibril- 
lation. Between  the  ectoderm  and  endoderm  there  is  some- 
times a  third  layer,  which  appears  to  be  muscular. 

In  connection  with  the  integument  of  the  CfElenterata^  the 
organs  termed  "thread-cells"  ("cnidae,"  or  "nematocysts") 
must  be  noticed.  These  are  peculiar  cellular  bodies,  of  various 
shapes,  which  probably  serve  as  weapons  of  offence  and  de- 
fence, and  which  communicate  to  many  members  of  the  sub- 
kingdom  (^•.^.,  the  Sea-blubbers)  their  well-known  power  of 
stinging.  In  the  common  Hydra  the  thread-cells  (fig.  30)  con- 
sist of  "  oval  elastic  sacs,  containing  a  long  coiled  filaxnent, 
barbed  at  its  base,  and  serrated  along  its  edges.  When  fully 
developed  the  sacs  are  tensely  filled  with  fluid,  and  the  slightest 
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touch  is  sufficient  to  cause  the  retroversion  of  the  filament, 
which  then  projects  beyond  the  sac  for  a  distance,  which  is  not 
uncommonly  equal  to  many  times  the  length  of  the  latter  "  * 
(Huxley).       Many   beautiful  modifications    of 
shape  are  known  in  the  thread-cells  of  different 
Coelenterates,  but  their  essential  structure  in  all 
cases  is  much  the  same  as  in  the  Hydra.     It  is 
only  in  few  cases,  comparatively  speaking,  that 
the  thread-cells  have  the  power  of  piercing  and 
irritating  the  human  skin  ;  but  even  in  the  dim- 
inutive Hydra  it  is  probable  that  they  exercise 
some  benumbing  and  deleterious  influence  on 
the  living  organisms  which  may  be  captured  as 
prey.     Besides  the  thread-cells,  the  tentacles  of 
some  Hydroids  are  furnished  with  rigid  hair- 
like processes,  which  are  probably  tactile  in  func- 
tion, and  which  are  known  as  "  palpocils."     The  Fig.  30.— Thrcad- 
Ccelenierata  are  divided  into  two  classes,  termed     ^yJl  m  ^\  ^^ 
respectively  the  Hydrozoa  and  the  Actinozoa,  nificd.  "^ 

Class  I.    Hydrozoa. 

The  Hydrozoa  are  defined  as  Ccelenterata  in  which  the  walls 
of  the  digestive  sac  are  not  separated  from  that  of  the  general 
body-cavity y  the  two  coinciding  with  one  another;  the  reproductive 
organs  are  in  the  form  of  external  processes  of  the  body-wall. 

(%  31,  B.) 

It  follows  from  the  above,  that,  since  there  is  but  a  single 
internal  cavity,  the  body  of  a  Hydrozoon  on  transverse  section 
appears  as  a  single  tube,  the  walls  of  which  are  formed  by  the 
limits  of  the  combined  digestive  and  somatic  cavity. 

The  Hydrozoa  are  all  aquatic,  and  the  great  majority  are 
marine.  The  class  includes  both  simple  and  composite  organ- 
isms, the  most  familiar  examples  being  the  common  Fresh-water 
Polype  (Hydra),  the  Sea- firs  {Sertularida),  the  Jelly-fishes 
(Mtdusce)y  and  the  Portuguese  man-of-war  {Physalia). 

Owing  to  the  great  difficulty  which  is  ordinarily  experienced  by  the  stu- 
(tent  b  mastering  the  details  of  this  class  of  animals,  it  has  been  thought 
advisable  to  introduce  here  a  short  explanation  of  some  of  the  technical 
tenns  which  are  in  more  general  use  in  describing  these  organisms. 

*  Thread-cells,  though  very  commonly,  if  not  universallyf  present  in  the 
CetUnUrata,  are  nevertheless  not  peculiar  to  them.  Similar  organs  have 
l«en  shown  to  exist  in  several  of  the  NudibranchitUe  Mollusca^  as  well  as 
in  some  Annelides  {JSpioseti£omis),  There  likewise  exist  analogous  organs 
\fnckocysts)  in  several  of  the  Infusoria^  and  in  the  Planarida, 
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General  Terminology  of  the  Hydrozoa. 
Indhiidual. — We  have  already  seen  (j«  Inlroduction)  that  the  term  "in- 
dividual," in  its  zoological  sense,  must  be  restricted  to  *'  the  entire  result 
of  the  development  of  a  single  fertilised  ovum,"  and  that  in  Ihia  sense  an 
individual  may  either  be  simple,  like  an  Amarha,  or  maybe  composite,  like 
a  Sponge,  which  is  produced  by  an  a^regation  of  amrebifonn  panicles. 
If  all  the  parts  composing  an  individual  remain  mutually  connected,  ill 
development  is  said  to  be  "continuous;"  but  if  any  of  these  parts  become 
separated  as  independent  beings,  the  case  becomes  one  of  "discontinuous" 
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development.  We  have  seen,  also,  that  however  long  zoiiidal  mulliplica- 
lion  may  go  on,  there  ultimately  arrives  in  the  history  of  every  individual 
a  period  at  which  sexual  reproduction  must  t>c  called  in  lo  insure  the  per- 
petuation of  the  species  throughout  time.  This  truth  is  expressed  by  Rteen- 
strap's  celebrated  law  of  the  "  alternation  of  generations. 

Amongst  tbe  Hydrotoa,  the  individual  may  be  either  simple  or  compound, 
and  the  development  may  be  either  continuous  or  discontinuous,  the  fid- 
lowing  terms  beinij  employed  lo  denote  the  phenomena  which  occur. 

Iiydrosoma.—'i\ia  is  the  term  which  is  employed  lo  designate  the  entire 
body  of  a  llydrosobn,  whether  it  be  simple,  as  in  the  /fydra,  or  composite 
as  in  a  Serlularian. 

/Wj'/iVf.— The  alimentary  region  of  a  Hyiinrxvn  is  called  a  "polypile:" 
the  term  "polype"  being  now  restricted  to  the  same  region  in  the  Aetin- 
etea.     In  the  simple  Hydmta  tbe  entire  organism  may  be  called  a  "  poly- 


CCELENTERATA  :   HYDROZOA.  1 03 

pile  ; "  but  the  term  is  more  appropriately  applied  to  the  separate  nutritive 
factors  which  totgether  make  up  a  compound  Hydrozoon,  By  Professor  All- 
man  the  term  •*  hydranth  "  is  used  in  preference  to  "polypite." 

Distal  and  Proximal. — These  are  terms  applied  to  different  extremities 
of  the  hydrosoma.  It  is  found  that  one  extremity  grows  more  quickly  than 
the  other,  and  to  this  free-p-owing  end— at  which  the  mouth  is  usually 
situated — the  term  **  distal "  is  applied.  To  the  more  slowly  growing  end 
of  the  hydrosoma — which  is  at  the  same  time  usually  the  fixed  end — the 
temi  "proximal"  is  applied.  These  terms  may  be  used  either  in  relation 
to  a  single  polypite  in  tne  compound  Hydrozoa^  or  to  the  entire  hydrosoma, 
whether  simple  or  compound. 

Hydrorhiza. — This  term  is  applied  to  that  portion  of  the  proximal  end 
of  a  Hydroid  colony  by  which  it  is  attached  to  some  foreign  body. 

CeEHosarr, — This  is  the  term  which  is  employed  to  designate  the  common 
trunk,  which  unites  the  separate  pol3rpites  of  any  compound  Hydrozoon  into 
a  single  organic  whole. 

PSypary. — The  term  "polypary"  or  **polypidom"  is  applied  to  the 
homy  or  chitinous  outer  covering  or  envelope  with  which  many  of  the 
Hydrozoa  are  furnished.  These  terms  have  also  not  uncommonly  been 
applied  to  the  very  similar  structures  produced  by  the  much  more  highly 
organised  Sea-mats  and  their  allies  {Polyzoa)^  but  it  is  better  to  restrict 
their  use  entirely  to  the  Hydrozoa,  By  Professor  AUman  the  term  "peri- 
sarc"  is  given  to  the  chitinous  investment  by  which  the  soft  parts  of  the 
Hydrozoa  are  often  protected. 

Zooids. — In  continuous  development  the  partially  independent  beings 
which  are  produced  by  gemmation  or  fission  from  the  primitive  organism,  to 
which  they  remain  permanently  attached,  are  termed  "zooids."  In  other 
words,  "zooids"  are  the  more  or  less  individualised  members  of  which  the 
Hydroid  colony  is  made  up. 

In  discontinuous  development,  where  certain  portions  of  the  "indivi- 
dual" are  separated  as  completely  independent  beings,  these  detached 
portions  are  likewise  termed  "  zooids ; "  that  which  is  first  formed  being 
distinguished  as  the  "producing  zooid,"  whilst  that  which  separates  from 
it  is  known  as  the  "produced  zooid."  In  a  great  number  oi Hydrozoa 
there  exist  two  distinct  sets  of  zooids,  one  of  which  is  destined  for  the  nu- 
trition of  the  colony,  and  has  nothing  to  do  with  generation,  whilst  the 
iiinctions  of  the  other,  as  far  as  the  colony  is  concerned,  are  wholly  repro- 
ductive. For  the  whole  assemblage  of  the  nutritive  zooids  of  a  Hydrozoon 
Professor  All  man  has  proposed  the  term  "trophosome,  applying  the 
term  "gonosome"  to  tne  entire  assemblage  of  the  reproductive  zooids.  In 
SQch  Hydrozoa^  therefore,  as  possess  these  two  distinct  sets  of  zooids,  the 
"individual,"  zoologically  speaking,  is  composed  of  a  trophosome  and  a 
goiM)some.  It  follows  from  this  that  neither  the  trophosome  nor  the  gono- 
some, however  apparently  independent,  and  though  endowed  with  intrinsic 
powers  of  nutrition  and  locomotion,  can  be  looked  upon  as  an  "  individual," 
ffl  the  scientific  sense  of  this  term.  As  a  rule,  the  zooids  of  the  trophosome 
«re  all  like  one  another,  or  are  "  homomorphic  ; "  but  there  are  some  cases 
l«  in  Hydractinia,  and  in  the  nematophores  of  the  Plumularida)  in  which 
some  of  the  zooids  of  the  trophosome  are  unlike  the  others.  The  zooids  of 
the  gonosome,  on  the  other  hand,  are  normally  unlike,  or  are  "hetero- 
raorphic"  consisting  of  two  or  three  different  sets  of  zooids,  each  with  its 
special  duty  in  the  generative  functions  of  the  Hydroid  colony. 
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CHAPTER  VIII. 

blVrSIONS  OF  THE  HYDROZOA. 

Sub-class  Hydroida.* 

The  Hydrozoa  are  divided  into  six  sub-classes — viz.,  the  Hy- 
droida^ the  SiphonopJwra^  the  Ltueniariday  the  Discophora^  the 
Graptolitida^  and  the  HydrocorallincB, 

Sub-class  I.  Hydroida. — This  sub-class  comprises  those 
Hydrozoa  which  consist  of  an  alimentary  region  or  ^^ polypite^'* 
which  is  pro7'ided  with  an  adherent  disc,  or  "  hydrorhiza"  and 
prehensile  tentacles. 

In  some  few  cases  the  hydrosoma  is  composed  of  a  single 
polypite  only,  as  in  the  Hydrida  and  in  some  of  the  Corynida; 
but  usually  there  are  several  polypites  united  together  by  means 
of  a  common  trunk  or  "  ccenosarc,"  as  in  most  of  the  Corynida 
and  in  the  orders  Sertularida  and  Campanularida,  Further, 
in  the  great  majority  of  cases  the  "  hydrorhiza  "  is  permanently 
attached  to  some  foreign  object. 

The  Hydroida  comprises  five  orders — viz.,  the  Hydrida ,  the 
Corynida,  the  Sertularida,  the  Campanularida^  and  the  The- 
comedusce. 

Order  L  Hydrida  (^/r/////^T^^/«J/<w,Allman;  Gymnochroa, 
Hincks). — This  order  comprises  those  Hydrozoa  whose  ^^ hydro- 
soma  '*  consists  of  a  single  locomotive  polypite,  with  tentacles  and 
^^  hydrorhiza ^^  a?id  7vith  reproductive  organs  which  appear  as 
simple  external  processes  of  the  bodywalL  The  hydrorhiza  is 
discoid,  and  no  hard  aitiadar  layer  is  at  any  time  developed. 

The  order  Hydrida  comprises  a  single  genust  only  {Hydra), 
including  the  various  species  of  "  Fresh-water  Polypes,"  as 
they  are  often  called.  The.  common  Hydra  (fig.  31,  A)  is 
found  abundantly  in  this  country,  and  consists  of  a  tubular 
cylindrical  body,  the  "  proximal "  extremity  of  which  is  ex 
panded  into  an  adherent  disc  or  foot — the  "  hydrorhiza  " — ^by 
means  of  which  the  animal  can  attach  itself  to  some  foreign 

*  For  full  details  as  to  the  morphology  and  physiology  of  the  Hydroid 
Zooph}tes,  the  student  should  refer  to  the  magnificent  '  Monograph  of  the 
Gymnoblastic  Hydroids,*  by  Professor  Allman  (Ray  Society).  The  student 
may  also  consult  the  excellent  *  History  of  British  Hydroid  Zoophytes,*  by 
the  Rev.  Thomas  Hincks. 

f  If  the  Protohydra  of  Greeff  be  a  mature  form,  it  also  belongs  to  this 
order.  It  differs  from  Hydra  in  havini;  no  tentacles,  but  it  seems  more 
probably  to  be  the  lan-a  of  some  other  Hydroid. 
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body.  It  possesses,  however,  the  power  of  detaching  the 
hydrorhiza  at  will,  and  thus  of  changing  its  place.  At  the 
opposite  or  "  distal "  extremity  of  the  body  is  placed  the 
mouth,  surrounded  by  a  circlet  of  tentacles,  which  arise  a 
litde  distance  below  the  margin  of  the  oral  aperture.  The 
tentacles  vary  in  number  from  five  to  twelve  or  more,  and 
they  vary  considerably  in  length  in  different  species,  being, 
much  shorter  than  the  body  in  the  Hydra  viridis  (fig.  32,  b\ 


Fig.  33.— Morphology  of  Hydrida.  a  Diagrammatic  section  of  Hydra.  The  dark 
fine  is  the  ectoderm,  the  fine  line  and  clear  space  adjacent  are  the  endodcrm.  b 
Hydm  viridis f  showing  a  single  ovurn  contained  in  the  body-wall  near  the  proximal 
ejctremity,  and  two  elevations  containing  spermatozoa  near  tne  bases  of  the  tentacles ; 
e  Hydra  vMlgariSt  with  an  tmdetachea  bud  ;  d  Thread  cell  of  the  Hydray  greatly 
magnified. 

but  being  extremely  long  and  filamentous  in  Hydra  fusca. 
They  are  highly  extensile  and  contractile,  and  serve  as  organs 
of  prehension,  being  capable  of  retraction  till  they  appear  as 
nothing  more  than  so  many  warts  or  tubercles,  and  of  being 
extended  to  a  length  which  is  in  some  species  many  times 
longer  than  the  body  itself  (In  the  Hydra  fusca  the  tentacles 
can  be  protruded  to  a  length  of  more  than  eight  inches.)  Each 
consbts  of  a  prolongation  of  both  ectoderm  and  endoderm, 
enclosing  a  diverticulum  of  the  somatic  cavity,  and  they  are 
abundantly  furnished  with  thread-cells.  The  cylindrical  hydro- 
^^**^  (%  32,  (i)  is  excavated  into  a  single  large  cavity,  lined 
by  the  endoderm,  and  communicating  with  the  exterior  by  the 
njouth-  This — the  "somatic  cavity" — is  the  sole  digestive 
Givity  with  which  the  Hydra  is  provided,  the  indigestible  por- 
tions of  the  food  being  rejected  by  the  mouth. 

The  Hydra  possesses  a  most  extraordinary  power  of  resist- 
ing mutilation,  and  of  multiplying  artificially  when  mechani- 
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cally  divided.  Into  however  many  pieces  a  Hydra  may  be 
divided,  each  and  all  of  these  will  be  developed  gradually  into 
a  new  and  perfect  polypi te.  The  remarkable  experiments  of 
Trembley  upon  this  subject  are  well  known,  and  have  been 
often  repeated,  but  space  will  not  permit  further  notice  of 
them  here.  Reproduction  is  effected  in  the  Hydra  both 
asexually  by  gemmation,  and  sexually  —  the  former  process 
being  followed  in  summer,  and  the  latter  towards  the  com- 
mencement of  winter,  few  individuals  surviving  this  season. 
In  the  first  method  the  Hydra  (fig.  31,  A)  throws  out  one  or 
more  buds,  generally  from  near  its  proximal  extremity.  These 
biids  at  first  consist  simply  of  a  tubular  prolongation  of  the 
ectoderm  and  endoderm,  enclosing  a  caecal  diverticulum  of  the 
body-cavity  \  but  a  mouth  and  tentacles  are  soon  developed, 
when  the  new  being  is  usually  detached  as  a  perfect  independ- 
ent Hydra,  The  Hydra  thus  produced  throw  out  fresh  buds, 
often  before  they  are  detached  from  the  parent  organism,  and 
in  this  way  reproduction  is  rapidly  carried  on. 

In  the  second  or  sexual  mode  of  reproduction,  ova  and 
spermatozoa  are  produced  in  outward  processes  of  the  body- 
wall  (fig.  32,  b).  The  spermatozoa  are  developed  in  little 
conical  elevations,  which  are  produced  near  the  bases  of  the 
tentacles,  and  the  ova  are  enclosed  in  sacs  of  much  greater 
size,  situated  nearer  the  fixed  or  proximal  extremity  of  the 
animal.  Ordinarily  there  is  but  one  of  these  sacs  containing 
a  single  ovum,  but  sometimes  there  are  two.  When  mature, 
the  ovum  is  expelled  through  the  body-wall,  and  is  fecundated 
by  the  spermatozoa,  which  are  simultaneously  liberated.  The 
primitive  body-cavity  of  the  non-ciliated  embryo  is  ultimately 
placed  in  communication  with  the  outer  world  by  the  forma- 
tion of  the  mouth,  which  is  produced  directly  as  an  opening  in 
the  walls  of  the  body,  and  not  by  invagination  of  the  ectodenn. 

Order  II.  Corvnida  {Gymftoblastea,  AUman ;  Athecata^ 
Hincks).  —  The  order  Corynida  comprises  those  Hydrotoa 
whose  hydrosoma  is  fixed  by  a  hydrorhiza^  and  consists  eit/ter  of 
a  single polypitCy  or  of  sa^eral  united  by  a  coetiosarc^  which  usually 
dex'clops  a  firm  outer  layer  or  '^polypary*'  No  ^^  hydrotheoB'^ 
are  present,  **  The  reproductive  orgatis  are  in  tJie  form  of  gono- 
phoreSy  which  vary  miuh  in  structure^  and  arise  from  the  sides  of 
the  polypitesy  from  the  cosnosarc,  or  from  gonoblastidia''  (Greene). 

The  hydrosoma  of  the  Corynida  may  consist  of  a  single 
polypite,  as  in  Coryomorpha  and  Vorticlava^  or  it  may  be  com- 
posed of  several  united  by  a  ccenosarc,  as  in  Cordylophora 
(fig.  33,  a\  The  order  is  entirely  confined  to  the  sea,  with 
the  single  exceptioi^of  Cordylophora^  which  inhabits  fresh  water. 
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In  Tuhularia  and  its  allies  the  organism  is  protected  by  a  welV 
developed  external  chitinous  envelope  or  "  polypary  ; "  but  in 
the  other  genera  belonging  to  the  order  the  polypary  is  either 


^^•8-  33- — MoriAology  of  Corynida.  a  Fra^ent  of  Cordyhphora  lacustris^  slightly 
enlarged  ;  b  Fragment  of  the  same  considerably  enlarged,  showing  a  polypite  and 
three  gonophores  in  different  stamen  of  growth,  the  larsest  containing  ova ;  c  Portion 
of  Symcoryne  Sanii  with  medusiform  zoflids  budding  from  between  the  tentacles. 

radimentary  or  is  entirely  absent.  The  polypary  of  the 
Corynida,  when  present,  is  readily  distinguished  from  that  of 
the  Sertulariday  by  the  fact  that  in  the  former  it  extends  only 
to  the  base  of  the  polypites ;  whereas  in  the  latter  it  expands 
to  form  litde  cups  for  the  reception  of  the  polypites,  these  cups 
being  called  "  hydrothecae."  Owing  to  the  fact  that  neither 
the  polypites  nor  the  generative  buds  of  the  Corytiida  are  en- 
dosed  in  a  chitinous  investment,  the  name  of  "  Gymnoblastic 
Hydroids"  is  applied  to  them  by  Professor  Allman. 

As  regards  the  reproductive  process  in  the  Corynida,  the 
reproductive  elements  are  developed  in  distinct  buds  or  sacs, 
which  are  external  processes  of  the  body-wall,  and  have  been 
aptly  termed  "gonophores"  by  Professor  Allman.  Strictly 
speaking,  Dr  Allman  understands  by  the  term  **  gonophore " 
only  the  ultimate  generative  zooid,  that  which  immediately  pro- 
duces the  generative  elements.*  Great  variations  exist  in  the 
fonn  and  development  of  these  generative  buds,  and  an  exami- 

*  According  to  Mr  Hincks,  the  "gonophore"  is  the  Imd  in  which  the 
reproductive  elements  are  formed.  **  It  consists  of  an  external  envelo|)e 
(tttotlieca),  enclosing  either  a  fixed  generative  sac  l>etween  the  walls  of 
»hich  the  ova  and  spermatozoa  are  developed,  or  a  free  sexual  zooid." 
Tl»c  actual  sexual  zooid  is  termed  by  Mr  Hincksthe  "gonozooid,"  whether 
«l  be  fixed  or  free — in  other  words,  it  is  the  gonophore  minus  its  external 
investment.  The  gonozooid  is  sometimes  male,  sometimes  female ;  and 
tbe  tune  colony  may  produce  one  or  both — the  former  being  most  com- 
■onlythe 
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nation  of  these  leads  us  to  some  of  the  most  singular  pheno- 
mena in  the  entire  animal  kingdom.  In  some  species  of 
Hydractinia  and  Coryne,  the  generative  buds  or  "  gonophores  " 
exist  in  their  sira})Iest  fonn — namely,  as  sacciform  protuber- 
ances of  the  endoderm  and  ectodemi,  enclosing  a  diverticulum 
of  the  somatic  cavity.  In  this  form  they  are  attached  to  the 
"  trophosome  "  by  a  short  stalk,  and  they  are  termed  "  sporo- 
sacs"  (fig.  34).  They  are  exactly  like  the  buds  which  we  have 
already  seen  to  exist  in  the 
Hydra,  with  this  difference,  that 
they  are  not  themselves  de- 
veloped into  fresh  polypites, 
but  are  simply  receptacles  in 
which  the  essential  elements 
of  generation  —  the  ova  and 
spermatozoa— are  prepared,  by 
the  union  of  which  the  young 
Corynid  is  produced.  The 
sporosac  is  almost  invariably 
permanently  attached  to  the 
trophosome,  the  only  known 
.-SpOT™crfftfw/™rf/-;«ff*f-     exception    being   in    Dicorynt, 

(.A„  .ii_..i    _  -, ..  .r    -j^  which  the  sporosac,  previous 

to  the  dischai^e  of  its  ova, 
liberates  itself  from  its  outer 
investment,  and  swims  about 
™™j«na,,,.„a.n.ovn«ed.«.op«i  j-^^^j^  ^^  ^^  independent  cUi- 
ated  oiganism. 
In  Cordyhphora  (fig.  35,  *)  a  further  advance  in  structure 
is  perceptible.  The  gonophore  now  consists  of  a  closed  sac, 
from  the  roof  of  which  depends  a  hollow  process  or  peduncle 
— the  "  manubrium  " — which  gives  off  a  system  of  tubes  which 
run  in  the  walls  of  the  sac.  For  reasons  which  will  be  im- 
mediately evident,  the  gonophore  in  this  case  is  said  to  have 
a  "disguised"  niedusoid  structure  (fig.  35,  b). 

In  certain  Ci'nm'dit,  however,  we  meet  with  a  still  higha 
form  of  structure,  the  gonophores  being  now  said  to  be 
"medusoid."  In  these  cases  the  generative  bud  is  primitively 
a  simple  sac — such  as  the  "sporosac" — but  ultimately  develops 
itself  into  a  much  more  complicated  structure-  The  gono- 
phore (fig.  35,  c)  is  now  found  to  be  composed  of  a  bell- 
shaped  disc,  termed  the  "  gonocalyx,"  which  is  attached  by  its 
base  to  the  iiarent  organism  (the  trophosome),  and  has  its 
cavity  turned  outwards.  From  the  roof  of  the  gonocalyx, 
like   the   clapper   of  a  bell,  there  depends  a  peduncle  or 
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"  manubrium,"  which  contains  a  process  of  the  somatic  cavity. 
The  manubrium  gives  out  at  its  fixed  or  proximal  end  four 
prolongations  of  its  cavity,  in  the  form  of  radiating  lateral 
tubes  which  run  to  the  margin  of  the  bell,  where  they  com- 
municate with  one  another  by  means  of  a  single  circular  canal 
which  surrounds  the  mouth  of  the  bell.  This  system  of  tubes 
constitute  what  is  known  as  the  system  of  the  **gastro  vascular*' 
or  "  gonocalycine  canals."  The  gonophore,  thus  constituted, 
may  remain  permanently  attached  to  the  parent  organism,  as 
in  Tubularia  indivisa  {^g.  35,  c) ;  but  in  other  cases  still  fur- 
ther changes  ensue.     In  the  higher  forms  of  development  (fig. 


f^*«  35- — Reproductive  prooesses  of  Hydrozoa.  a  Sporosac  :  h  Disguised  mcdusoid  ; 
c  Attached  medusiform  gonophore  ;  a  Free  medusiform  gonophore.  The  cross  shad- 
ing indicates  the  reproductive  organsi,  ovaria  or  spemiaria.  The  part  completely 
black  indicaies  the  cavity  of  the  manubrium  and  the  gonocalycine  canals. 

35,  d)  the  manubrium  acquires  a  mouth  at  its  free  or  distal  ex- 
tremity, and  the  gonocalyx  becomes  detached  from  the  parent. 
The  gonophore  is  now  free,  and  behaves  in  every  respect  as  an 
independent  being.  The  gonocalyx  is  provided  with  marginal 
tentacles  and  with  an  inward  prolongation  from  its  margin, 
which  partially  closes  the  mouth  of  the  bell,  and  is  termed  the 
"veil"  or  "velum."  By  the  contractions  of  the  gonocalyx, 
which  now  serves  as  a  natatorial  organ,  the  gonophore  is  pro- 
pcDed  through  the  water.  The  manubrium,  with  the  shape, 
^ssumes  the  functions  of  a  polypite,  and  its  cavity  takes  upon 
»t5df  the  office  of  a  digestive  sac.  Growth  is  rapid,  and  the 
gODopbore  may  attain  a  comparatively  gigantic  size,  being  now 
absolutely  identical  with  one  of  those  organisms  which  are  com- 
monly called  "jelly-fishes,**  and  are  technically  known  as  Med- 
«A?  (fig.  36).  In  fact,  as  we  shall  afterwards  see,  most,  if  not 
^  of  the  gymnophthalmate  Medt^a^  originally  described  as  a 
distinct  order  of  free-swimming  Hydrozoa,  are  in  truth  merely 
the  liberated  generative  buds,  or  "  medusiform  gonophores,"  of 
the  permanently  rooted  Hydroids,  Finally,  the  essential  gen- 
oative  elements — the  ova  and  spermatozoa — are  developed  in 
the  walls  of  the  manubrial  sac,  between  its  endoderm  and  ecto- 
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derm,  and  embryos  are  produced.     These  embiyos,  however, 

instead  or  resembling  the  organism  which  immediately  gave 

them    birth,    develop    themselves 

,1  into  the  fixed  Corynid  from  which 

the  gonophore  was  produced,  thus 

completing  the  cycle. 

The  swimming-bell  of  the  me- 
dusiform  gonophore  is  believed  to 
be  formed  by  a  great  development 
of  an  inter-tentacular  web,  such  as 
is  sometimes  present,  in  a  rudi- 
mentary form,  in  the  nutritive 
zooids.  Sometimes  the  medusoid 
becomes  quiescent  towards  the 
close  of  its  existence,  and  the 
swimming-beil  becomes  reversed 
or  atrophied.  Lastly,  in  Clavatelia, 
the  sexual  zooid,  though  free  and 
locomotive,  is  not  provided  with 
a  swimming-bell,  but  creeps  about 
by  means  of  suctorial  discs  devel- 
oped on  branches  of  the  tentacles. 
As  we  have  seen,  the  generative 
buds  of  the  Corynida  may  exist  in 
the  following  chief  forms: — i.  As 
liwu"  rt''i'i"nirar"H7|Hrt™  "si)orosacs,"orsimple  closedsacs, 
■njnui«iu™:  ^  I-  Ki.iiniriK  dis.ra-  consisting  of  ectodenn  and  endo- 
^ili^inai  iK-iic^  ;''i7tnuc!n.  '  derm,  with  a  central  cavity  in  which 
ova  and  spermatozoa  are  produced. 
i.  As  ''disguised  niedusoids,"  in  which  there  is  a  central  manu- 
brial  process  and  a  mdmientan- system  of  gonocalycine  canals; 
but  the  gonocalyx  rem.-iins  closed,  3.  As  complete  medusoids, 
which  have  a  central  manubrium,  a  complete  sj-stem  of  gono- 
calj-cine  canals,  and  an  open  gonocalyx ;  but  which  never  be- 
ci>me  detachetl.  4.  As  )>erfect  medusiform  gonophorcs  (fig. 
36I,  which  are  detached,  and  lead  an  independent  existence 
for  a  time,  until  the  generative  elements  are  matured.  In 
whichever  of  these  forms  the  gonophore  may  be  present,  the 
plai-e  of  its  oriijin  from  the  Irophosome  may  vary  in  different 
sjiecies  of  the  order,     i,  TTiey  tnay  arise  from  the  sides  of  the 

*  It  slioaili)  l«  ntentitMiAl  tlul  the  nMduulorai  gotiopboK  of  C/itfi 
?.^lItj■^w  tltxs  not  Jirrclly  )>[v>>li!f«  the  ^nrra:ive  ^nwiits,  >s  U  ibe  ca% 
"  '    lypol  nwtluiJiV'-TTn  £on.->i>hotif*.    t*a  ihe  cootranr,  it  gi»-es  or^n 
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polypites,  as  in  Corjme  a.nd  Slauridia;  2.  They  maybe  produced 
ftom  the  ccenosarc,  as  in  Cordyhphora ;  3.  They  may  be  pro- 


i«.     (All 


spoTouci  (upporI«d  Dpon  a  Eonoblultdiai  (ar  b!as«Hly1«)-    t 
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duced  upon  certain  special  processes,  which  are  termed  "gono- 
blastidia,"  as  in  Hydractinia  and  Dicorync.  These  gonoblastidia 
(%  37.  S)  *'"*  processes  from  the  body-wali  or  coenosarc,  wliicli 
doseiy  resemble  true  polypites  in  form,  but  differ  from  them 
in  being  usually  devoid  of  a  mouih,  and  in  having  shorter 
Kntacles.  They  are,  in  truth,  atrophied  or  undeveloped 
p(il)-pites. 

The  gonoblastidia  are  the  "blastostyles"  of  Prof.  Allman, 
and  are  usually  columniform  in  shape.  They  may  carry  spo- 
rosacs,  or  medusoid  gonophores  ;  and  they  may  be  naked,  or, 
in  other  orders,  they  may  be  protected  within  a  chilinous  re- 
ceptacle or  "gonangium." 

Ai  i^ardt  the  development  of  the  Cetynida,  the  embryo  U  very  gener- 
^T,  though  not  alwifa,  ciliated  at  tirst,  when  it  isknown  as  a  "planuUi  " 
1>l  m  one  form  the  embryo  leaves  the  goiiophore  as  a  free  and  locomotivi; 
polfpite,  utd  in  another  it  is  non'CiUaled  and  amreboid.  The  "planula" 
H 1  miDate  ciUaled  cylindrical  body,  which  swims  about  actively  in  the 
ma.    The  embryonic  cells  of  which  it  is  composed  divide  into  an  outer 
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and  an  inner  layer,  encl</3'in{;  a  central  cavity,  and  it  next  passet  into  a 
cundiliun  which  is  common  to  ihe  embryu,  uf  the  CaleiUera/a  gencnlly, 
and  to  wliicli  llas^kel  has  applied  the  name  of  "t^stnila."  At  this  ttaee, 
il  coniiitls  of  an  ovate  or  rounded  body,  with  a  Hdjjle  central  cavity,  which 
communicatee  with  the  exlerior  by  an  aper- 
ture placed  at  one  pole  The  wall  of  ihil 
central  cax-ily  consists  of  two  layers,  an 
outer  and  an  inner,  corresponding  with  the 
ectoderm  and  endodenn  of  the  adult,  and 
alsa  with  the  two  primilive  layers  of  the 
gcnn  of  the  I'trtetraia.  The  "gastnila" 
stage  appear  lo  be  one  very  generally  pas^ 
ihiuujfh  by  all  animals  higher  than  the 
Prolazoa,  and  by  the  Sponges  amotigst  the 
latter,  but  there  ie  a  difference  as  to  Ihe 
manner  in  which  the  central  cavity  is  form- 
ed. In  some  cases  it  is  formed  by  the  hol- 
lowing out  of  the  original  sphere,  and  the 
formation  of  an  opening  (the  primitive 
mouth)  at  one  end,  as  seems  to  be  generally 
the  case  in  the  CaltiUerata ;  or,  in  other 
cases,  it  may  be  produced  by  an  invagina- 
tion or  inversion  of  the  primilive  vesicle  in 
such  a  manneras  to  form  a  central  chamber, 
with  a  single  aperture  opening  on  Ihe  ei- 
lerior.  Sy  fixation  of  the  "gastrula"  at 
its  hinder  extremity  to  some  foreign  object, 
and  by  the  formation  of  tentacles  round  the 
mouth-opening  at  the  other  extremity,  a 
hydraform  polypite  is  at  once  produced, 
which  (if  not  belongingtooncof  (he  simple 
forms)  proceeds  to  develop  the  composite 
adult  by  a  process  of  gemmation.     In  this 


1  the    Cor 


thci 


_, j«  of    Seiitilarida  and   CampaHularida)  the 

«     ,WmM.    nanual     polypites  are  developed  at  or  near  the 
tal  end  of  the  hydrosoma,  the  distal  y 
piles  being  thus  the   youngest ;    wht 
iC  of  this  obtains  amongst  the  Oceanic  Hydnnoa. 


I  Ihe 


The  subject  of  the  reproduction  of  the  Corynida  having 
been  treated  at  some  length,  so  as  to  apply  to  the  remaining 
ffyitroitia,  we  shall  now  give  a  brief  description  of  the  leadii^ 
types  of  structure  exhibited  by  the  order. 

Eidmiiruim,  a  geniii  of  the  CtrymJm,  which  is  not  uncommonly  found 
attacheil  lo  submarine  objects,  ustially  in  tolerably  deep  wucr,  may  be 
taken  as  a  giHid  example  of  the  fixed  and  comjwsite  division  of  the  order. 
The    hvdniMinia   consists  of  numerous  i>ol)-pi[e^  united  by  a  crenosarc, 

r  less  branched,  and  is  defended  by  a  " 
pan:.     The  )Kilypitcs  are  borne  at  the  ends  of  the  In 
and  are  not  contained  in  "  hydrolbecz, "  the  polyp 

>ir  bases.    The  ))olypites  are  non-retractile,  of  a  n 

leil  with  alMiul  twenty  tentacles,  arranged  round  the  mouth  in  a  srigte 

K.     Tittdana  (fig.  38)  is  very  uniilar  10  EmJemdrtum,  but  the  hydi». 


The  )Kilypitcs  are  borne  at  the  ends  of  the  branches  and  branchleU, 
■''■'■    Uiecac,"  the  polyparr  ending  abruptly  at 
n-ret  tactile,  of  a  reddish  colour,  uul  pro- 
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pal]rpai7  extending  only  to  their  bases.  The  polypiCes  are  somewhat  c< 
al  ia  shape,  the  mouth  being  placed  at  the  apex  ot  Ihe  cone,  and  Ihey  are 
luraished  with  two  sets  of  tentacles.  One  set  consists  of  numerous  short 
tentacles  pliiced  directly  round  the  mouth  ;  the  other  is  composed  of  from 
[birty  to  forty  tentacles  of  much  greater  length,  arising  from  Ihe  polypite 
iboul  its  middle  or  neu  the  base  Near  the  insertion  of  these  tentacles 
ihe  generative  buda  are  produced  at  proper  seasons.  I'he  generative  buds 
[cmim  peTtnanently  attached,  but  each  a  furnished  with  a  swimming-bell, 


a  Nutritive  loOvii    A  b  Gcoerative  loAida 


re  present.     The  manubrium  is  destitute  of  a  mouth,  and 

. „  jell  is  converted  into  a  nursery  i 

&nii£h  the  later  stages  of  it*  development "  (Hi 


which  the  embryo  n 
,         cks}. 
may  be  taken  to  Tepresenl  these  Cerymda  in  which 


114  MANUAL  OF  ZOOLOGY. 

there  if  no  pol jpary  and  the  hydrofoma  is  simple.  It  is  aboot  fear  indies 
in  length,  a»i  is  fiied  hj  fibmentoos  roots  to  the  sand  at  tke  bottom  of  the 
sea.  It  conslUs  of  a  sin^  whitish  poljrpite,  striped  with  pink,  and  termin- 
ating upwards  in  a  spear-shaped  head,  round  thie  thadcest  part  of  whidi  is 
a  circlet  of  from  forty  to  more  than  one  hondred  long  white  tentacles. 
Above  these  comes  a  series  of  long,  branching  gonoblastidia,  bearing  gono- 
phores,  and  succeeded  by  a  second  shorter  set  of  tentades  which  sommnd 
the  mouth.  The  gonophores  become  ultimately  detached  as  free-swim- 
ming medusoids. 

Another  remarkable  example  of  the  Corynida  is  Hydractiftia  (fig.  39). 
In  this  genus  the  polypites  are  gregarious,  and  the  pol3rpary  forms  a  horny 
crust  which  spreads  over  shells  and  other  foreign  bodies.  The  tentacles  of 
the  nutritive  z^xiids  form  a  single  sub-alternate  series.  The  generative 
bufls  are  produced  upon  imperfect,  non-tentaculate  polypites ;  and  are 
mere  Hac-Hnaped  protuberances,  enclosing  diverticula  from  the  body-cavity, 
but  not  detached  from  the  parent  organism. 

Order  IIL  Sertularida  (Calyptoblastea,  Allman;  77/^- 
caphora^  Hincks). — This  order  comprises  those  Hydrozoa 
*^7vhose  hydrosoma  is  fixed  by  a  hydrorhiza^  and  consists  of- 
several  polypites^  protected  by  hydrothecce,  and  connected  by  a 
ccetiosarcy  which  is  usually  branched  and  invested  by  a  very  firm 
outer  layer.  Reproductive  organs  in  the  form  of  gonophores 
arising  from  the  cxnosarc  or  from  gonoblastidia  "  (Greene). 

The  Sertularida  resemble  the  Corynida  in  becoming  perma- 
nently fixed  after  their  embryonic  condition  by  a  hydrorhiza, 
which  is  developed  from  the  proximal  end  of  the  coenosarc ; 
but  they  diflfer  in  the  fact  that  the  polypites  are  invariably  pro- 
tected by  "  hydrotheca;,"  or  little  cup-like  expansions  of  the 
polypary  (fig.  40,  at,  b) ;  whilst  the  hydrosoma  is  in  all  cases 
composed  of  more  than  a  single  polypite.  The  mouth  of  the 
hydrothera  is  generally  furnished  with  an  operculum  or  valve 
for  its  closure.  Owing  to  the  presence  of  "  hydrothecae,"  the 
name  of  **  Calyptoblastic  Hydroids"  has  been 'proposed  by 
Professor  Allman  for  the  Sertularians  and  Canipanularians. 
In  all  these  forms,  also,  the  generative  buds  are'  similarly  en- 
closed in  chitinous  receptacles — the  so-called  **  gonothecae  "  or 
"gonangia."  The  ccenosarc  generally  consists  of  a  main  stem 
— or  **  hydrocaulus  " — with  many  branches ;  and  it  is  so  plant- 
like  in  appearance  that  the  common  Sertularians  are  almost 
always  mistaken  for  sea- weeds  by  visitors  at  the  seaside.  It  is 
invested  by  a  strong  corneous  or  chitinous  covering,  often 
termed  the  "  periderm." 

The  polypites  are  sessile  or  subsessile,  hydra-form,  and  in 
all  essential  respects  identical  with  those  of  the  Coryniday 
though  usually  smaller.  Kach  polyj^ite  consists  of  a  soft,  con- 
tractile, and  extensile  boily,  which  is  furnished  at  its  distal 
extremity  with  a  mouth  and  a  circlet  of  prehensile  tentacles, 
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richly  Aimished  with  thread-cells.  The  tentacles  have  an  in- 
distinctly alternate  anangemcnt.  The  mouth  is  simple  or 
lobed,  ajid  is  placed,  ia  many  cases,  at  the  extremity  of  a  more 
or  less  prominent  extensile  and  contractile  proboscis.  The 
month  opens  into  a  chamber  which  occupies  the  whole  length 
<rf  the  polypite,  and  is  to  be  regarded  as  the  combined  body- 
cavity  and  digestive  sac.  At  its  lower  end  this  chamber  opens 
by  a  constricted  aperture  into  a  tubular  cavity  which  is  every- 
where excavated  in  the  substance  of  the  coenosarc  (fig.  40,  i). 


Fv.  40,  ~d  Srrluiana  (/>i>Ubuia)  finiutla.  luluia]  ur  :  a'  Fragment  of  Ihe  uine  «■■ 
4lieil,  ojTyinf  B  mak  capuile  (0),  uid  ihowin?  the  hydroltiecz  (A);  b  FrafnvTlt  af 
Camfamvlaria  •Uflnta   (after  Hincki).  tbooing  the  polTpilei  conlained   in   iheir 

■mKh  et  Ihe  pdypiie  {f\ 

The  nutrient  particles  obtained  by  each  polypite  thus  serve  for 
the  support  of  Ihe  whole  colony,  and  are  distributed  throngh- 
Wt  the  entire  organism.  The  nutritive  fluid  prepared  in  the 
inttrior  of  each  polypite  gaitis  access  through  the  above-men- 
tioned aperture  to  the  cavity  of  the  ccenosarc,  which  by  the 
ccmbbed  exertions  of  the  whole  assemblage  of  polypites  thus 
l)ecomes  filled  with  a  granular  nutritive  liquid.  The  ccenosar- 
ol  fluid  is  in  constant  movement,  circulating  through  all  parts 
of  the  colony,  and  thus  maintaining  its  vitality,  the  cause  of 
fte  movement  being  probably  due  in  part,  at  any  rate,  to  the 
oidcnce  of  vibrating  cilia.  The  generative  buds  (gonophores 
CT  ovarian  vesicles)  are  usually  supported  upon  gonoblastidia, 
ud  do  not  become  detached  in  the  true  Sertularids.    They 
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are  developed  in  chitinous  receptacles  known  as  "gonothccas" 
(figs.  41,  42). 
Sometimes  the  "  gonangium  "  or  "  gonotheca  "  contains  only 


t%.  41.— Dikcnini  of  th«  gonolhez.  with  (heir 
UIM«.  of  lh«  SertularvnA  mjid  CampmulariMU 
Chiiinoui  «ivdf.|v :  g  Cenin]  gonohluiidio 
blatttxlytc ;  t  McduiUom  gaiwptaoret  caiHed  i 


nvlopdl.    (Altered  fc 

a  single  gonophore,  but  more  commonly  it  contains  seveia], 
which  increase  in  maturity  as  we  recede  from  the  base  of  the 
gonoblastidion  (or  blaslostyle)  and  approach  its  summit  (fig. 
41,  B).  The  buds  carried  on  the  sides  of  the  blastostyle  may 
have  the  form  either  of  sporosacs  or  of  medusoids.  The  ova 
may  be  directly  discharged  into  the  surronnding  irater,  or  may 
be  retained  for  some  time  in  a  peculiar  receptacle,  "where  they 
undergo  further  development,  and  which  is  supported  upon 
the  summit  of  the  gonangium,  and  lies  entirely  external  to  its 
ca\'ity"  (.MIman). 

In  Flumttlaria  and  some  of  its  allies  there  occur  certain 
peculiar  stiuctures.  to  which  the  name  of  "  nematophores"  has 
been  applied.  Each  of  these  consists  of  a  process  of  the  coe- 
no-iaro,  which  is  in%-ested  by  the  homy  polypaiy,  with  the 
exception  of  the  distal  extremity,  which  remains  open.  The 
nenutophores  are  sometimes  fixed,  sometimes  niOTd>le.  They 
•'  constitute  cup-like  appendages  (fig.  43,  n,  «)  fanned  of 
chitine.  and  filled  with  piotoi^asm,  which  has  the  power  of 
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emitting  psendopodia  or  amteboid  prolongations  of  its  sub- 
stance, and  having  their  cavity  in  communication  with  that 
rf  the  common  tube  of 
the  hydrocaulus"  (Allman). 
^\liilst  part  of  the  sarcode 
in  each  nematophore  is 
capable  of  being  extended 
in  long  filaments  resemb- 
ling the  pseudopodia  of  an 
Anueba,  another  portion  is 
charged  with  targe  thread- 
cells,  and  is  not  capable  of 
emission  in  this  way.  The 
liinaion  of  these  extraordi- 
narily modified  zooids  is 
UDcertain. 

Order  IV.  CampanA- 
LARiDA. — The  members  of 
this  order  are  closely  alli- 
ed to  the  Seriuiarida ;  to 
closely,  indeed,  that  they 
ire  very  often  united  to- 
gether into  a  single  group. 
The  chief  difference  con- 
nsts  in  the  fact  that  the 
bydrodieoe  of  the  Cam^- 
nularida  with  their  contain- 
ed polypites  are  supported 
npoD  conspicuous  stalks, 
Ihu  being  terminal  in  posi- 
tioD  (fig.  40,  i) ;  whilst  in 
the   Seriularida    they    are 

sessile  or    subsessile,   and     j^oiyjaiy.'"  

art  placed    laterally  upon 

the  branchlcts.  The  gonophores  also  in  the  Campattularida 
are  usually  detached  as  free -swimming  medusoids,  whereas 
they  remain  permanently  attached  in  the  Sertularians.  Each 
medusoid  consists  of  a  little  transparent  glassy  bell,  from 
the  under  surface  of  which  there  is  suspended  a  modified 
poljfpite,  in  the  form  of  a  "  manubrium  "  (fig.  36),  The  whole 
organism  swims  gaily  through  the  water,  propelled  by  the 
coitractioDi  of  the  belt  or  disc  {gonocaiyx) ;  and  no  one 
*ould  now  snspect  that  it  was  in  any  way  related  10  the  fixed 
plaitt4ike  zoophyte  from  which  it  was  originally  budded  oC 
Hk  connl  pt^ypite  is  furnished  widi  a  mouth  at  its  distal 


iR»n  of  ■  bnnch  oT 
,  f nlufcd.  (Ahcr  Al 
of  the  poty  pi(« ;  w,  ■,  m  N«nui 
ling  pKudopodUl  filamenli  i 
NemMDphore    with    iti    urcc 
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end,  and  the  mouth  opens  into  a  digestive  sac     From  the 
proximal  end  of  this  stomach  proce^  four  radiating  cands 


which  extend  to  the  circumference  of  the  disc,  where  they  all 
open  into  a  sii^te  circular  vessel  surrounding  the  mouth  of 
the  bell.  From  the  margins  of  the  disc  hang  also  a  number 
of  delicate  extensile  filaments  or  tentacles ;  and  the  circum- 
ference is  still  further  adorned  with  a  series  of  brightly-coloured 
spots,  which  are  probably  organs  of  sense.  The  mouth  of  the 
bell  is  partially  closed  by  a  delicate  transparent  membrane  or 
shelf,  the  so-called  "  veil."  Thus  constituted,  these  beautiful 
little  beings  lead  an  independent  and  locomotive  existence  foe 
a  longer  or  shorter  period.     Ultimately,  the  essential  elements 
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of  reproduction  are  developed  in  special  organs,  situated  in 
the  course  of  the  radiating  canals  of  the  disc     The  resulting 
embryos  are  ciliated  and  free  -  swimming,  but  ultimately  fix 
themselves,  and  develop  into  the  plant-like  colony  from  which 
fresh  medusoids  may  be  budded  off.    The  ova  in  the  medu- 
siform  gonophores  are  usually  developed   in  the  course  of 
the  gonocalycine  canals,  and  not  between  the  ectoderm  and 
endoderm  of  the  manubrium,  as  is  the  case  in  the  Corynida, 
Examples  of  the  order  are  Campanularia^  Laomedea,  &c.     The 
distinctions  between  the  Sertularida  and  Campanularida  are 
certainly  insufficient  to  justify  their  being  placed  in  separate 
orders.     If  united  together,  it  would  probably  be  best  to  adopt 
the  name  of  Calyptoblastea  (Allman)  or  Thecaphora  (Hincks) 
for  the  order,  and  to  employ  the  names  Sertularida  and  Cam- 
panularida for  the  sub-orders. 

Order  V.  THECOMEOuSiE. — Professor  Allman  has  recently 
described  under  the  name  of  Stephanoscyphus  mirabilis^  a  very 
remarkable  Hydrozoon,  which  he  believes  to  form  the  type  of  a 
new  order.    This  singular  organism  is  invariably  associated  with 
a  species  of  Sponge,  in  the  substance  of  which  it  is  embedded. 
It  consists  of  a  congeries  of  chitinous  tubes,  which  permeate 
the  sponge  -  substance,  and  which  open   on  its  surface  by 
large  openings  resembling  oscula.     At  their  bases  the  tubes 
are  connected  by  horizontal  branches,  and  they  expand  widely 
as  they  approach  the  surface ;  where  their  contents  become 
developed  into  a  remarkable  body,  which  has  the  power  of 
extending  itself  beyond  the  mouth  of  the  tube,  and  again  of 
withdrawing  within  it    This  body  is  furnished  with  a  crown 
of  tentacles,  and  is  essentially  medusiform  in  its  structure. 
There  is  a  circular  canal  at  the  base  of  the  tentacular  crown, 
surrounding  the  central  opening,  with  four  radiating  canals 
proceeding  backwards  from  this ;  but  no  lithocysts,  ocelli,  nor 
velum  have  been  detected.     For  this  curious  organism,  Pro- 
fessor Allman  proposes  the  formation  of  a  new  order  under  the 
name  of  ITucotrudusa, 


CHAPTER   IX. 
SIPHONOPHORA. 


SuBKXASS  II.  SiPHONOPHORA. — The  members  of  this  sub- 
class constitute  the  so-called  "  Oceanic  Hydrozoa;^*  and  are 
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characterised  by  the  possession  of  a  ^^free  and  oceanic  hydro- 
sotna^  consisting  of  several  polypUes  united  by  a  flexible,  contrac- 
tile, unbranched  or  slightly-branched  coenosarc,  the  proximal  end 
of  which  is  usually  furnished  with  *  ncctocalyces,'  and  is  dilated 
into  a  *  somatocyst*  or  into  a  * pneumatofihore,* "  (Greene.) 

All  the  Siphonophora  are  unattached,  and  permanently  free, 
and  all  are  composite.  They  are  singularly  delicate  organisms, 
mostly  found  at  the  surface  of  tropical  seas,  the  Portuguese 
man-of-war  {Physalia)  being  the  most  familiar  member  of  the 
group.  The  sub-class  is  divided  into  two  orders — viz.,  the 
CcUycophoridce  and  the  Physophoridce. 

Order  I.  CALYCOPHORiDiE.  —  This  order  includes  those 
Siphonophora  whose  hydrosoma  is  free  and  oceanic,  and  is  pro- 
pelled by  "  nectocalyces  '*  attae/ied  to  its  proximal  end.  The  hydrc- 
soma  consists  of  sri'cral  poly  piles,  united  by  an  unbranched  cotne- 
sarc,  which  is  highly  flexible  and  contracticle,  and  tiever  develops  t 
hard  cuticular  layer.  The  proximal  end  of  the  hydrosoma  is 
modified  into  a  peculiar  cavity  called  the  "  somatocyst^*  The  re- 
productive organs  are  in  the  form  of  medusiform  gotwphores  pro- 
disced  by  budding  from  the  peduncles  of  the  polypites. 

In  all  the  Calycophoridce  the  coenosarc  is  filiform,  cylindrical, 
unbranched,  and  highly  contractile,  this  last  property  being  due 
to  the  presence  of  abundant  muscular  fibres.     "  The  proximal 
end  of  the  coenosarc  dilates  a  little,  and  becomes  ciliated  in- 
ternally, forming  a  small  chamber  "  which  communicates  with 
the  nectocalycine  canals.     "  At  its  upper  end  this  chamber  is 
a  little  constricted,  and  so  passes,  by  a  more  or  less  narrowed 
channel,  into  a  variously-shaped  sac,  whose  walls  are  directly 
continuous  with  its  own,  and  which  will  henceforward  be  termed 
the  somatocyst  {^g.  45,  3  b).     The  endoderm  of  this  sac  is  cili- 
ated, and  it  is  generally  so  immensely  vacuolated  as  almost  to 
obliterate  the  internal  cavity,  and  give  the  organ  the  appearance 
of  a  cellular  mass"  (Huxley).     The  polypites  in  the  CcUyco- 
phoridce often  show  a  well-marked  division  into  three  portions, 
termed  respectively  the  proximal,  median,  and  distal  divisions. 
Of  these  the  "  proximal "  division  is  somewhat  contracted,  and 
forms  a  species  of  peduncle,  which  often  carries  appendages. 
The  "  median  "  portion  is  the  widest,  and  may  be  termed  the 
"  gastric  division,"  as  in  it  the  process  of  digestion  is  carried 
on.     It  is  usually  separated  from  the  proximal  division  by  a 
valvular  inflection  of  the  endoderm,  which  is  known  as  the 
"  pyloric  valve."     The  polypites  have  only  one  tentacle  "  de- 
veloped near  their  basal  or  proximal  ends,  and  provided  with 
lateral  branches  ending  in  saccular  cavities,"  and  furnished 
with  numerous  thread-cells.     The  proximal  ends  of  the  poly* 
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pites  usually  bear  certain  overlapping  plates  of  a  protective 
nature,  which  are  termed  "  hydrophyilia  "  or  "  bracts."     They 


■  Pi^tfUitriJ ;  a  PlMuin>l<Ky>L     3.    Vortiapmla 
C<Uytapliarid* :  ■  NKiaciilvcci :  t  J'olypiKi:  I  Tcniacin 


Diunm  ol 
g:AnophDre :  J  Pol^-^w-    The  dark  \\ 


aie  composed  of  processes  of  both  ectoderm  and  endoderm 
C'g-  4Si  3  ^)i  ^^^  tli^y  always  contain  a  diverticulum  from  the 
somatic  cavity,  which  is  called  a  "  phyllocyst."  The  Calyoh 
fkoridm  always  possess  swimming-bells,  or  "  nectocalyces,"  by 
the  contractions  of  which  the  hydrosoraa  is  propelled  through 
the  ¥fater  (fig.  45,  2).  The  neclocalyx  in  structure  is  very 
amilar  to  the  "gonocalyx"  of  a  medusiform  gonophore,  as 
already  described ;  but  the  former  is  devoid  of  the  gastric  or 
genital  sac — the  "  manubrium  " — possessed  by  the  latter.  Each 
Dcctocalyx  consists  of  a  bell-shaped  cup,  attached  by  its  base 
to  the  bydrosoma,  and  provided  n'ith  a  muscular  lining  in  the 
interior  of  its  cavity,  or  "  nectosac."  There  is  also  always  a 
"velum"  or  "veil,"  in  the  form  of  a  membrane  attached  to 
the  mouth  of  the  nectosac  round  its  entire  margin,  and  leaving 
a  central  aperture,  lite  peduncle  by  which  the  nectocalyx  is 
attached  to  the  hydrosoma  conveys  a  canal  from  the  somatic 
cavity  which  dilates  into  a  ciliated  chamber,  and  gives  off  at 
lost  four  radiating  canals,  which  proceed  to  the  circumference 
of  the  bell,  where  they  are  united  by  a  circular  vessel ;  the 
entire  system  constituting  what  is  Icnown  as  the  system  of  the 
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"  nectocalycine  canals."  In  the  typical  Calycophorida  two 
nectocalyces  only  are  present,  but  in  some  genera  there  are 
more.  In  Praya  the  two  nectocalyces  are  so  apposed  to  one 
another  that  a  sort  of  canal  is  formed  by  the  union  of  two 
grooves,  one  of  which  exists  on  tfie  side  of  each  nectocalyx. 
This  chamber,  which  is  present  in  a  more  or  less  complete 
form  in  all  the  genera,  is  termed  the  "  hydrcecium,"  and  the 
ccenosarc  can  be  retracted  within  it  for  protection. 

The  reproductive  bodies  in  the  Calycophorida  are  in  the  form  of  medusi- 
form  gonophores,  which  are  budded  from  the  peduncles  of  the  polypites, 

becoming,  in  many  instances,  detached  to  lead  an 
independent  existence.  In  some  Calycophorida^  as 
in  Abyla^  "each  segment  of  the  coenosarc,  provided 
with  a  polypite,  its  tentacle,  reproductive  organ, 
and  hydrophyllium,  as  it  acquires  a  certain  size,  be- 
comes detached,  and  leads  an  independent  life — 
the  calyx  of  its  reproductive  organ  serving  it  as  a 
propulsive  apparatus.  In  this  condition  it  may 
acquire  two  or  three  times  the  dimensions  it  had 
when  attached,  and  some  of  its  parts  may  become 
wonderfully  altered  in  form  "  (Huxley).  To  these 
detached  reproductive  portions  of  adult  Calycopho' 
ruite  the  term  "  Diphyozooids  "  has  been  applied. 

As  regards  the  development  of  the  Calycophih 
rida^  **not  only  the  new  polypites,  but  the  new 
nectocalyces  and  reproductive  organs,  and  even  the 
branches  of  the  tentacles,  are  developed  on  the 
proximal  side  of  the  old  ones ;  so  that  the  distal 
appendages  are  the  oldest"  (Huxley).  The  pro- 
cess of  development  is  therefore  the  reverse  of  what 
obtains  amongst  the  Hydrmda, 
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Diphycs  (fig.  46),  which  may  be  taken 
as  the  type  of  the  Calycophoruia,  consists 
of  a  delicate  filiform  coenosarc,  provided 
proximally  with  two  large  mitre -shaped 
nectocalyces  (7*,  r'),  of  which  one  lies  en- 
tirely on  the  distal  side  of  the  other.  The 
Ki^.  4^.  —  CAi>xt>phor-  pointed  apex  of  the  distal  nectocaljnc  is 

"^/i/ ^(aftSw'KolfikCTt  '^^^^^'^  ^"^^  ^  special  cavity  in  the  proxi- 
r*  'ft^xxinui  nectoc*-  mal  nectocalvx.  The  "  h>*drGecium  **  {k)  is 
c5«:'^4H^'lI*5!l2^  formeil  partially  by  this  chamber  in  the 
»•  ovkxMirc.  carnrinc  nectocalvx,  and  partially  by  an  arched 
&*ci1w3iumtA»51!!*' ***  groove  prolonged  upon   the  inner  sur&ce 

of  the  distal  nectocalvx,  within  which  the 
coenosarc  moves  freely  up  and  do^-n,  and  can  be  entirely  le- 
Uracted  if  necessar)-.  The  upper  jxurt  of  the  ccenosarc  dilates 
into  a  small  ciliated  ca>nt>%  from  which  are  given  off  two  tubes, 
which  proceed  respectively  to  the  distal  and  proxiiiial  necto- 
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calyces,  where  they  open  into  the  central  chamber  from  which 
the  nectocalycine  canals  take  their  rise.  The  upper  portion 
of  this  small  ciliated  cavity  is  prolonged  proximally  into  the 
larger  chamber  of  the  "  somatocyst."  The  coenosarc  (c)  bears 
polypites,  each  of  which  b  protected  by  a  delicate  glassy 
"  hydrophyllium." 

Order  II.  PHYSOPHORiDiE.  —  This  second  order  of  the 
Oceanic  Hydrozoa  comprises  those  Siphonophora  in  which  the 
hydrosoma  consists  of  several  polypites  united  by  a  flexible^  can- 
tractile^  unbranched  or  very  slightly  branched  canosarc,  theproxi- 
nud  extremity  of  which  is  modified  into  a  ^^ pneumatophore^^  and 
is  sometimes  provided  with  ^^  nectocalyces*^  The  polypites  have 
other  a  single  basal  tentcuky  or  the  tentacles  arise  directly  from 
the  coenosarc,  ^''  Hydrophyllia^  are  commonly  preseftt.  T/ie  re- 
productive bodies  are  developed  upon  gonoblastidia. 

The  coenosarc  in  the  Physcphoridce,  like  that  of  the  Calyco- 
phoridce^  is  perfectly  flexible  and  contractile;   but  it  is  not 
necessarily  elongated,  being  sometimes  spheroidal  or  discoidal. 
The  proximal  end  of  the  coenosarc  "  expands  into  a  variously- 
shaped  enlargement,  whose  walls  consist  of  both  ectoderm  and 
endoderm,  and  which  encloses  a  wide  cavity  in  free  communi- 
cation with  that  of  the  coenosarc,  and,  like  it,  full  of  the  nutri- 
tive fluid.   From  the  distal  end,  or  apex,  of  this  cavity  depends 
a  sac,  variously  shaped,  but  always  with  tough,  strong,  and 
elastic  walls,  composed  of  a  substance  which  is  stAted  to  be 
similar  to  chitine  in  composition,  and  more  or  less  completely 
filled  with  air"  (Huxley).     The  large  proximal  dilatation  of 
the  coenosarc  is  termed  the  "  pneumatophore,**  whilst  the  chiti- 
nous  air-sac  which  it  contains  is  termed  the  "pneumatocyst" 
(fig.  45,  i).      The  pneumatocyst  is  held  in  position  by  the 
reflection  of  the  endoderm  of  the  pneumatophore  over  it,  and 
it  doubtless  acts  as  a  buoy  or  "  float"     In  the  Portuguese 
man-of-war  (Physalia)  the  pneumatocyst  communicates  with 
the  exterior  by  means  of  an  aperture  in  the  ectoderm  of  the 
pneumatophore.      In   Velella  and  Porpita  the  pneumatocyst 
communicates  with  the  exterior  by  means  of  several  similar 
openings  caUed  "stigmata;"  and  from  its  distal  surface  de- 
pend numerous  slender  processes  containing  air,  and  known 
as  "  pneumatic  filaments." 

The  polypites  of  the  Physophoridce  resemble  those  of  the 
Calycophonda  in  shape,  but  the  tentacles  have  a  much  more 
complicated  structure,  and  are  sometimes  many  inches  in 
length,  as  in  Physalia,  The  "  hydrophyllia "  have  essentially 
the  same  structure  as  those  of  the  former  order.  There  occur 
also  in  the  Physophoridce  certain  peculiar    bodies,  termed 
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"  hydrocysts"  or  "  feelers"  ("  fuhler  "  and  "  taster  "  of  the  Ger- 
mans). These  resemble  immature  polypites  in  shape,  consist- 
iog  of  a  prolongation  of  both  ectoderm  and  cndoderm,  usually 
with  a  tentacle,  and  containing  a  diverticulum  of  the  somatic 
cavity,  the  distal  extremity  being  closed,  and  fiimished  with 
numerous  large  thread-cells.  They  are  looked  upon  as  "  organs 
of  prehension  and  touch,"  and  they  are  somewhat  analogous 
to  the  "  nematophores  "  of  the  Plumularians. 

As  regards  the  reproductive  organs,  they  are  developed 
upon  special  processes  or  "  gonoblastidia,"  and  they  may  re- 
main permanently  attached,  or  they  may  be  thrown  off  as 


Fi|t.  4T.  — /'i/nAiirMIr,     a  Portupipie  in»n 
/■ni  (iiRcc  Uouc). 


froc-swimming  medusoids.  In  many  of  the  Physophorida  the 
male  ami  female  gonophores  differ  from  one  another  in  form 
and  sire,  and  they  are  then  termed  respectively  "andn^ 
phores"  and  "gynophores."    As  r^ards  their  development, 


CCELENTERATA  :   DISCOPHORA.  I25 

the  Physophcridoi  obey  the  same  general  law  as  the  Calyco- 

In  Physophora  the  hydrosoma  consists  of  a  filiform  ccenosarc,  which 
beais  the  polypites  and  their  appendages,  and  dilates  proximally  into  a 
pnemnatophore.  Below  this  point  the  coenosarc  bears  a  double  row  of 
nectocalyces,  which  are  channelled  on  their  inner  faces  to  allow  of  their 
attachment  to  the  coenosarc.  There  are  no  hydrophyllia,  but  there  is  a 
series  of  "hydrocysts  "  on  the  proximal  side  of  the  polypites. 

Pkysalia^  or  the  Portuguese  man-of-war  (fig.  47,  a)  is  composed  of  a 
large,  bladder-like,  fusiform  "float"  or  pneumatophore — sometimes  from 
eight  to  nine  inches  in  length — upon  the  under  surface  of  which  are  arranged 
a  nimiber  of  polypites,  together  with  highly  contractile  tentacles  of  great 
length,  "hydrocysts,"  and  reproductive  organs.  Physalia  is  of  common 
occurrence,  floating  at  the  surface  of  tropical  seas ;  and  fleets  of  it  are  not 
nncommonly  driven  upon  our  own  shores. 

In  VMla  (fig.  47,  b)  the  hydrosoma  consists  of  a  widely-expanded  pneu- 
matophore of  a  rhomboidal  shape,  carrying  upon  its  upper  surface  a  dia- 
gonal vertical  crest.  Both  the  horizontal  disc  and  the  vertical  crest  are 
composed  of  a  soft  marginal  **limb,"  and  a  central  more  consistent  "firm 
part."  **To  the  distal  surface  of  the  firm  part  of  the  disc  are  attached  the 
several  appendages,  including — i,  a  single  large  polypite,  nearly  central  in 
position ;  2,  numerous  small  eonoblastidia,  which  resemble  polypites,  and 
are  termed  *  phyogemmaria ;  and,  3,  the  reproductive  bodies  to  which 
Aese  last  give  rise.  The  tentacles  are  attached,  quite  independently  of 
the  polypites,  in  a  single  series  along  the  line  where  the  firm  part  and  limb 
of  the  disc  unite.  There  are  no  hydrocysts,  nectocalyces,  or  hydrophyllia. 
...  On  all  sides  the  limb  is  traversed  by  an  anastomosing  system  of 
carials,  which  are  ciliated,  and  communicate  with  the  cavities  of  the  phyo- 
gemmaria and  large  central  polypite"  (Greene).  VMla  is  about  two 
inches  in  length  by  one  and  a  half  in  height.  It  is  of  a  beautiful  blue 
coloor  and  semi-transparent,  and  it  floats  at  the  surface  of  the  sea,  with  its 
Vertical  crest  exposed  to  the  wind  as  a  sail. 


CHAPTER   X. 
DISCOPHORA. 


Sub-class  III.  Discophora  {Acalepha*  in  part). — Since  the 
sub-class  contains  only  a  single  order,  that  of  the  Medusida^  a 

*  The  old  sub-class  of  the  Acalepha  contained  the  Gymnophihalmatc 
Medusa  (=  the  Discophora),  and  the  Steganophthalmate  Medusa {■=■  the 
Jjuemarida  in  part),  the  two  being  placed  in  a  single  order  under  the 
■ame  of  Pulntogradcu  The  Acalepha  also  contained  the  Ctenophora  and 
the  CalycopharidiB  and  Physophorida^  of  which  the  former  constituted  the 
Older  Cihograda,  whilst  the  two  latter  made  up  the  order  Physo^ada. 
The  Ctenophora^  however,  are  now  generally  placed  amongst  the  Acttnozoa^ 
whilst  the  Cafyccphorida  and  Physopharida  constitute  the  Hydrozoal  8ub< 
fimS^konu^fikoru, 
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single  definition  necessaiilf  suffices  for  both.  The  Medtuida 
are  defined  as  "  Hydrezoa  whose  hydrosoma  is  free  and  eceanU, 
comistitig  of  a  single  nectocalyx,  from  the  roof  of  which  a  single 
polypite  is  suspended.  Tlu  nectocalyx  is  furnished  with  a  system 
of  canals.  The  reproductive  organs  are  as  processes  either  of  tht 
sides  of  the  polypite  or  of  the  neciocalycine  canals"  (Greene). 

The  Medusida  comprise  most  of  the  organisms  cotnmonljr 
known  as  Jelly-fishes  oi  Sea-nettles,  the  last  name  being  de- 
rived from  the  property  which  some  of  them  possess  of  severely 
Stinging  the  hand,  this  power  being  due  to  the  presence  of 
numerous  thread-cells.  As  employed  by  modem  naturalists, 
the  order  is  very  much  restricted,  and  it  is  by  no  means  impro- 
bable that  it  will  ultimately  be  entirely  done  away  with,  very 
many  of  i(s  members  having  been  shown  to  be  really  the  free 
generative  buds  of  other  Hydrosoa.  As  used  here,  it  corre- 
sponds to  part  of  the  Gymnophthalmate  Medusa  of  Professor 
£.  Forbes,  the  Stegariophlhalmate  Medusa  of  the  same  author 
being  now  placed  in  the  sub-class  Lucernarida. 

The  hydrosoma  of  one  of  the  Discophora  ( --  a  Gymnophthal- 
mate Medusa)  is  composed  of  a  single,  gelatinous,  bell-shaped 
swimming  organ,  the  " nectocalyx "  or  "disc,"  from  the  roof 
of  which  a  single  polypite  is  suspended  (fig.  48).    The  interior 


ne.  4S.'— MocplicAiBy  of  MnJmid* 
dbowing  itw  cvmraTpolypiic.  thv  n 
ciiul  v*vcl«  0nd  icnuulefs  and  i1 


of  the  nectocalyx  is  often  called  the  "  nectosac,"  and  the  term 
"  codonostoma "  has  been  proposed  to  designate  the  open 
mouth  of  the  bell.  The  mai^n  of  the  nectocalyx  is  produced 
inwards  to  form  a  species  of  shelf,  running  round  the  mai^n 

•  The  forms  here  figured  (fig?.  48,  49V  though  in  all  respects  uiatomi- 
eilljr  identical  wilh  the  irae  MfJus-t.  and  originallT  described  «s  such,  are 
now  linown  to  be  in  reality  ihe  medasoid  bods  of  "filed  Hrdraids.  They 
illustrate  Ihe  slmctore  and  foim  of  the  MfjMU,  hovever.  jnst  u  well  u 
(bcH^h  ibcf  were  compleielj  indepcndeni  in  ibcir  development. 
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of  the  mouth  of  the  bell,  and  termed  the  "  veil "  or  "  velum,"  by 
the  presence  of  which  the  nectocalyx  is  distinguished  from  the 
somewhat  similar  "  umbrella  "  of  the  Lucernarida,     The  endo- 
dermal  lining  of  the  central  polypite  or  "  manubrium  "  (some- 
times called  the  "  proboscis'")  is  prolonged  into  four,  sometimes 
more,  radiating  canals,  which  run  to  the  periphery  of  the  nec- 
tocalyx, where  they  are  connected  by  a  circular  canal  which  runs 
round  its  circumference,  the  whole  constituting  the  system  of 
the  "  nectocalycine  canals  "  (often  called  the  "  chylaqueous " 
or  "  gastro- vascular  canals  ").    From  the  circumference  of  the 
nectocalyx  depend  marginal  tentacles,  which  are  usually  hollow 
processes,  composed  of  both  ectoderm  and  endoderm,  and  in 
immediate  connection  with  the  canal  system.     Also  round  the 
drcumference  of  the  nectocalyx  are  disposed  certain  "  marginal 
bodies,"  of  which  two  kinds  may  be  distinguished.     Of  these 
the  first  are  termed  "  vesicles,"  and  consist  of  rounded  sacs 
lined  by  epithelium,  and  containing  one  or  more  solid,  motion- 
less concretions — apparently  of  carbonate  of  lime — immersed 
in  a  transparent  fluid.     The  second  class  of  marginal  bodies, 
variously  termed  "  pigment-spots,"  "  eye-specks,"  or  "  ocelli," 
consists  of  little  aggregations  of  pigment  enclosed  in  distinct 
cavities.     The  "  vesicles  "  are  probably  rudimentary  organs  of 
hearing,  and  possibly  the  eye-specks  are  a  rudimentary  form  of 
visual  apparatus.     The  oral  margin  of  the  polypite  may  be 
simple,  or  it  may  be  produced  into  lobes,  which  are  most 
frequently  four  in  number.     The  essential  elements  of  genera- 
tion are  produced  in  simple  expansions  either  of  the  wall  of 
the  manubrium  or  of  the  radiating  nectocalycine  canals. 

From  the  above  description  it  will  be  evident  that  the 
Medusa  is  in  all  essential  respects  identical  in  structure  with 
the  free-swimming  generative  bud  or  gonophore  of  many  of 
the  fixed  and  oceanic  Hydrozoa.  Indeed,  a  great  many  forms 
which  were  previously  included  in  the  Mcdusida  have  now 
been  proved  to  be  really  of  this  nature,  and  it  may  fairly  be 
doubted  if  this  will  not  ultimately  be  found  to  apply  to  all. 
As  to  the  value,  however,  of  the  order  Medusida,  the  present 
state  of  our  knowledge  is  well  expressed  by  the  following  con- 
clusions which  have  been  drawn  up  by  Professor  Greene : — 

"i.  That  several  of  the  organisms  formerly  described 
as  Mcdusida  are  the  free  gonophores  of  other  orders  of  ffy- 
drazoa, 

"  2.  That  the  homology  of  these  free  gonophores  with  those 
simple  expansions  of  the  body-wall  which  in  Hydra  and  some 
other  genera  are  known  to  be  reproductive  organs  by  their 
contents  alone,  is  proved  alike  by  the  existence  of  numerous 
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transitional  forms  and  by  an  appeal  to  the  phenomena  of  their 
development 

"  3.  That  many  of  the  so-called  Medusuia  may,  from  ana- 
It^,  be  regarded  as,  in  like  manner,  medusiform  gonophorcs. 

"  4.  But  that  there  may  exist,  nevertheless,  a  group  of  Midu- 
»V  forms,  which  may  give  rise  by  true  repToducdoa  to  o 


Fig- 4tf. — Grmp  of  "iMjred-eyed  Me 
(aner Corbet);  '  PofyJnm  ^w"rf(«(iu  Cow 

directly  resembling  their  parents,  and  therefore  worthy  of  being 
placed  in  a  separate  order  under  the  name  Medusida." 

The  same  authority  concludes  by  remarking  that  to  the 
order  as  above  defined  "  may  be  referred  provisionally  that 
large  assemblage  of  forms  anatomically  similar  to  true  Jifedu- 
sidk,  but  whose  development  is  unknown."  Besides  the  large 
group  of  forms  thus  temporarily  admitted,  all  the  Trachyntmida 
and  ^ginida  are  stated  by  Gegenbaur  to  fulfil  the  conditions 
of  the  above  definition,  and  should  therefore  be  looked  upon 
as  true  Mrdusida.  The  Geryoniida,  so  far  as  known  at  pre- 
sent, are  also  developed  directly  from  the  ovum,  and  must 
therefore  find  a  place  here. 

As  to  the  development  of  these  true  Medusida,  little  is 
known  for  certain.  It  appears,  however,  that  in  Trathynema, 
4£giiii>psis,  and  other  genera,  the  embryo  is  directly  developed 
into  a  form  resembling  its  parent,  without  passing  through  any 
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intermediate  changes  of  form.  It  is  hardly  necessary  to  remark 
that  this  is  not  the  case  with  the  embryos  of  a  medusiform 
gonophore,  these  being  developed  into  the  sexless  Hydrozoon 
by  which  the  medusoid  was  produced.  It  has  also  been  shown 
that  various  of  the  true  Medusa  (Cuninay  yEgineta^  &c.),  have 
the  power  of  producing  new  forms  like  themselves  by  a  process 
of  Imdding,  the  phenomena  attendant  upon  this  being  some- 
times of  great  interest 

In  this  connection,  allusion  may  be  made  to  the  long-known 
fact  that    certain    "  medusiform   gonophores "   are    likewise 
apable  of  producing  independent  forms  directly  resembling 
themselves  by  a  process  of  gemmation,  and  not  by  one  of  true 
eproduction.     Technically  these  are  called  "  tritozooids/*  as 
being  derived  from  organisms  which  are  themselves  but  the 
generative  zooids  of  another  being.     This  singular  phenome- 
non has  been  observed  in  various  medusiform  gonophores  (<r.^., 
Sarsia  gemmifira^  fig.  49,  a),  the  buds  springing  in  different 
species  from  the  gonocalycine  canals,  from  the  tentacles,  or 
from  the  sides  of  the  polypite  or  manubrium. 

The  "  naked-eyed "  Medusa  and  their  allies  the  "  medusi- 
form gonophores,"  though  mostly  very  diminutive  in  point  of 
size,  are  exceedingly  elegant  and  attractive  when  examined  in 
a  living  condition,  resembling  little  bells  of  transparent  glass 
adomwi  here  and  there  with  the  most  brilliant  colours.  They 
occur  in  their  proper  localities  and  at  proper  seasons  in  the 
roost  enormous  numbers.  They  are  mostly  phosphorescent, 
or  capable  of  giving  out  light  at  night,  and  they  appear  to  be 
one  of  the  principal  sources  of  the  luminosity  of  the  sea.  It 
te  not  seem,  however,  that  they  phosphoresce,  unless  irri- 
tated or  excited  in  some  manner. 


CHAPTER    XI. 


I       LUCERNARIDA,    G  RAP  TO  LI  T I D /E,    AND 

HYDROCORALLIN^. 

I  Sl'b<xass  IV.  LucERNARiDA  {Acalephct,  in  part). — The  mem- 
^  of  this  sub-class  may  be  defined  as  Hydrozoa  "  whose 
k^rouma  has  its  base  developed  into  an  *  umbrella^  in  the  walls 
^f  which  the  reproductive  organs  are  produced^'  (Greene). 

A  large  number  of  forms  included  in  the  Lucemarida  were 
^CKribed  by  Ediirard  Forbes  under  the  name  of  SteganophthaU 
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mate  Medusa,  being  in  many  external  characters  closely  similar 
to  the  Meduiuhe.  These  "  hidden-eyed  "  Medusa  are  familiar 
to  every  one  as  " sea-blubbere "  or  "sea-jellies,"  and  they 
occur  in  great  numbers  round  our  coasts  during  the  summer 
months.  The  resemblance  to  the  little  jelly-Hshes  is  especially 
strong  between  the  disc  or  "nectocalyx"  of  the  true  Medusida 
and  the  "  umbrella  "  of  the  Lucemarida,  the  latter  being  often 
a  bell-shaped  swimming  organ,  with  marginal  tentacles,  and 
containing  one  or  more  polypites.  These  analogous  structures 
(figs.  49  and  ji)  are,   however,  distinguished  as  follows: — 

1.  The  "umbrella"  ol 'ih^ Ltuemarida 
is  never  furnished  with  a  "  velum,"  as 
is  the  nectocalyx  of  the  Medusida. 

2.  The  radiating  canals  in  the  former 
are  never  less  than  eight  in  number, 

i  and  they  send  off  numerous  anastomos- 
ing branches,  which  join  to  form  an 
intricate  network  ;  whereas  in  the  lat- 
ter they  are  rarely  more  than  four  in 
number,  and  though  they  may  sub- 
divide, they  do  not  anastomose.  3. 
In  the  place  of  the  separate  and  un- 
protected "vesicles"  and  "ocelli"  of 
the  Medusida,  the  marginal  bodies  of 
the  Lucemarida  consist  of  these  bodies 
combined  tt^ether  into  single  organs, 
which  are  termed  "  lithocysts,"  and 
which  are  protected  externally  by  a 
sort  of  hood. 

The  Lucemarida  admit  of  being 
divided  into  three  orders — viz.,  the 
Lucemariada,  the  Pelagidce,  and  the 
Rhizostomida. 
t  Order  I.  Lucernariad*. — This 
MnnoS  °^  *•* ""^ ''""  order  includes  those  Lucemarida  whiA 
have  only  a  single  polypile,  are  fixed  by  a 
proximal  kydrorhtta,  and  possess  short  tentacles  on  the  margin  of 
the  umbrella.  The  reproductive  elements  "  are  developed  in  the 
primitii'e  hydrosoma  without  the  intervention  of  free  sooids' 
(Greene). 

In  Lucrmaria  (fig.  50).  which  may  be  taken  as  the  ^pe  of 
the  onler,  the  body  is  campanulate  or  cup-shaped,  atid  is 
attached  proximally  at  its  smaller  extremity  by  a  hydrorhH^^ 
which,  however,  like  that  of  the  Hydra,  is  not  pennan^tly 
fixed,    ^^'hea  detached,  the  animal  is  able  to  swim  with  toler- 


Fig,   JO.— 
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able  rapidity  by  means  of  the  alternate  contraction  and  expan- 
sion  of  the  umbrella.  Around  the  margin  of  the  umbrella  are 
tnlts  of  short  tentacular  processes,  and  in  its  centre  is  a  poly- 
pite  with  a  quadrangular  four-lobed  mouth.  "In  transverse 
section  the  polypite  may  be  described  as  somewhat  quadri- 
lateraly  with  a  sinuous  outline  which  expands  at  its  four  angles 
to  form  as  many  deep  longitudinal  folds,  within  which  the 
simple  generative  bands  are  lodged  "  (Greene).  Wide  longi- 
todinal  canals  are  formed  by  septa  passing  from  the  walls  of 
the  polypite  to  the  inner  surface  of  the  cup,  and  a  circular 
canal  runs  immediately  beneath  the  insertion  of  the  tentacles. 
The  reproductive  elements  are  produced  within  the  body  of 
Lucemaria  itself,  without  the  intervention  of  any  generative 
zooid. 

Order  II.  PELAGiDiE. — ^This  order  is  defined  as  including 
Lucemarida  which  possess  a  single  polypite  only,  and  an  umbrella 
with  margifial  tentacles.  The  reproductive  elements  "  are  devel- 
oped in  a  free  umbrella ,  which  either  co?istitutes  the  primitive  hy- 
drosomay  or  is  produced  by  fission  from  an  attached  Lucernaroid^* 
(Greene). 

Two  types,  therefore,  exist  in  the  Pelagidce.     The  one  type 
is  represented  by  a  fixed  "  trophosome,"  resembling  Lucer- 
narioy  but  distinguished  from  it  by  the  fact  that  the  generative 
elements  are  not  developed  in  the  primitive  hydrosoma,  but  in 
a  free  "  gonosome,"  which  is  produced  for  the  purpose.     The 
second  type,  represented  by  Pelagia  itself,  is  permanently  free, 
thereby  differing  from  Lucernaria,  which  it  approaches,  on  the 
other  hand,  in  the  fact  that  its  generative  elements  are  pro- 
duced in  its  own  umbrella  without  the  intervention  of  free  gen- 
eraUve  zooids.    Pelagia,  however,  differs  considerably  in  struc- 
ture from  Lucemaria^  and  in  all  essential  characters  is  not 
anatomically  separable  from  a  Steganophthalmate   Medusid, 
The  process  of  reproduction  as  displayed  in  the  first  section  of 
the  Pelagida  will  be  considered  when  treating  of  that  of  the 
Rhitostomidcgj  there  being  no  important  difference  between 
the  two,  except  as  concerns  the  structure  of  the  generative 
zooids. 

Order  III.  RHizosroMiDiE. — The  members  of  this  order 
are  defined  as  being  Zucemarida  in  which  th^  reproductive 
dements  are  developed  in  free  zooids,  produced  by  fission  from 
attached  Lucemaroids,  The  umbrella  of  the  generative  zooids  is 
without  marginal  tentacles^  and  the  polypites  are  "  numerous, 
lifted,  forming  with  the  genitalia  a  dendriform  mass  depending 
ff9m  the  umbreUa  "  (Greene). 
The  following  is  a  brief  summary  of  the  life-history  of.  a 
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member  of  this  extraordinaty  order  (fig.  51),  the  illustndon, 
however,  representing  the  development  of  Aureiia,  one  of  th< 


cmLr^'o,  or  "plangin  ;"  6  Hydra-iuba;  c  Hydra-IuLttin  which  fiwoo  hat  coobw 
ably  advanced,  and  the  "  Stmbila ' >U(c  hasbeca  reached:  ^ Hydra-iuba in  wl 
(he  Auion  hu  proceeded  icill  funher,  and  a  Jarj^  Dumber  (ri  the  KgDCDU  have  b 
already  detached  (o  lead  an  LndepeiMleDI  cxistence- 


Pelagida,  in  which  the  phenomena  are  essentially  the  same 
The  embryo  is  a  free -swimming,  oblong,  ciliated  body, 
termed  a  "planula"  {a),  of  a  very  minute  size,  and  composed 
of  an  outer  and  inner  layer,  enclosing  a  central  cavity.  The 
planula  soon  becomes  pear-shaped,  and  a.  depression  is  formed 
at  its  larger  end.  "  Next,  the  narrower  end  attaches  itself  to 
some  submarine  body,  whilst  the  depression  at  the  oppo^tc 
extremity,  becoming  deeper  and  deeper,  at  length  communi- 
cates with  the  interior  cavity.  Thus  a  mouth  is  formed, 
around  which  may  be  seen  four  small  protuberances,  the 
rudiments  of  tentacula.  In  the  interspaces  of  these  foui 
new  tentacles  arise ;  others  in  quick  succession  make  theii 
appearance,  until  a  circlet  of  numerous  filiform  appendages, 
containing  thread -cells,  surrounds  the  distal  mai^n  of  the 
'Hydra-tuba'  {b),  as  the  young  organism  at  this  stage  ol 
its  career  has  been  termed  by  Sir  J.  G.  Dalyell.  The  mouth, 
in  the  mean  time,  from  being  a  mere  quadrilateral  orifice, 
grows  and  lengthens  itself  so  as  to  constitute  a  true  polyjate, 
occupying  the  axis  of  the  inverted  umbrella  or  disc,  which 
supports  the  marginal  tentacles.  The  space  between  the 
walls  of  the  polypite  and  umbrella  is  divided  into  longitudinal 
canals,  whose  relations  to  the  rest  of  the  organism,  and, 
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indeed,  the  whole  structure  of  Hydra-tuba^  closely  resemble 
what    may  be    seen    in    Lu^emaria"    (Greene,  Manual  of 
CcdtnteraicC).      The  Hydra -tuba  thus   constitutes   the  fixed 
"Lucemaroid,"  or  the  "  trophosome  "  of  one  of  the  Rhizosto- 
mida.     In  height  it  is  less  than  half  an  inch,  but  it  possesses 
the  power  of  forming,  by  gemmation,  large  colonies,  which  may 
remain  in  this  condition  for  years,  the  organism  itself  being 
incapable  of  producing  the  essential  elements  of  generation. 
Under  certain  circumstances,  however,  reproductive  zooids  are 
produced  by  the  following  singular  process  (fig.  51).     The 
Hydra-tuba  becomes  elongated,  and  becomes  marked  by  a 
series  of  grooves  or  circular  indentations,  extending  transversely 
across  the  body  from  a  little  below  the  tentacles  to  a  little  above 
the  fixed  extremity.     At  this  stage  the  organism  was  described 
as  new  by  Sars,  under  the  name  "  ScyphistomaJ*    The  annula- 
tions  or  constrictions  go  on  deepening,  and  become  lobed  at 
their  margin,  till  the  Scyphistoma  assumes  the  aspect  of  a  pile 
of  saucers,  arranged  one  upon  another  with  their  concave 
surfaces  upwards.     This  stage  was  described  by  Sars  under 
the  name  of  ^^ Strobiia**  {c).      The  tentacular  fringe  which 
originally  surrounded  the  margin  of  the  Hydra-tuba  now  dis- 
appears, and  a  new  circlet  is  developed  below  the  annulations, 
at  a  point  a  little  above  the  fixed  extremity  of  the  Strobila  {c). 
"The  disc-like  segments  above  the  tentacles  gradually  fall  off, 
and,  swimming  freely  by  the  contractions  of  the  lobed  margin 
which  each  presents,  they  have  been  described  by  Eschscholtz 
as  trae  Medusida  under  the  name  of  Ephyra  (d).      Each 
Ephyra^  however,  soon   shows  its  true  nature  by  becoming 
developed  into  a  free-swimming  reproductive  body,  usually  of 
large  size,  with  umbrella,  hooded  lithocysts  and  tentacles, 
constituting,  in  fact,  a  Steganophthalmaie  Medusa,     The  re- 
productive zooid  now  swims  freely  by  the  contractions  of  its 
umbrella,  and  it  eats  voraciously  and  increases  largely  in  size. 
The  essential  elements  of  generation  are  then  developed  in 
^)ecial  cavities  in  the  umbrella,  and  the  fertilised  ova,  when 
liberated,  appear  as  free-swimming,  ciliated  "  planulae,"  which 
fix  themselves,  become  Hydra-tuba^  and  commence  again  the 
qrcle  of  phenomena  which  we  have  above  described. 

As  regards  the  size  of  these  reproductive  zooids  as  compared 
with  the  organism  by  which  they  are  given  off,  it  may  be  men- 
tioned that  the  umbrella  of  Cyanea  arctica  has  been  found  in 
one  spedmen  to  be  seven  feet  in  diameter,  with  tentacles  more 
than  fik^  feet  in  length,  the  fixed  Lucernaroid  from  which  it 
was  produced  not  being  more  than  half  an  inch  in  height. 

As  regards  the  special  structure  of  these  gigantic  reproduc- 
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tive  bodies,  considerable  difTerences  obtain  between  the  JiJiixo- 
stomida  and  that  section  of  the  Pdapda  in  which  this  method 
of  reproduction  is  employed.  In  the  Pelagidas,  namely,  the 
generative  zooids  possess  a  general,  though  chiefly  niinietic, 
resemblance  both  to  the  genuine  Medusida  and  to  the  free- 
swimming  medusifoim  gonopbores  of  so  many  of  the  Hydrotoa, 
and  they  have  the  following  structure.  Each  (fig.  sa)  consists 
of  a  bell-shaped,  gelatin- 
ous disc,  the  "umbreUa," 
from  the  roof  of  which  is 
suspended  a  lai^e  poly- 
pite,  the  lips  of  which  are 
extended  into  lobed  pro- 
cesses often  of  considera- 
ble length,  "  the  folds  of 
which  serve  as  temporary 
receptacles  for  the  ova  in 
the  earlier  stages  of  their 
development"  Thepoly- 
pite — manubrium  or  pro- 
boscis— is  hollowed  into 
a  digestive  sac,  which 
communicates witha  cav- 
ity in  the  roof  of  the  um- 
brella, from  which  arises 
a  series  of  radiating  ca- 
nals, the  so-called  "chyl- 
aqueous  canals."  These 
canals,  which  are  never 
less  than  eight  in  number, 
branch  freely  and  anasto- 
mose as  they  pass  to- 
wards the  periphery  of  the  umbrella,  while  the  entire  series 
is  connected  by  a  circular  marginal  canal.  This,  in  turn, 
sends  tubular  processes  into  the  marginal  tentacles,  which 
are  often  of  great  length.  Besides  the  tentacles,  the  margin 
of  the  umbrella  is  furnished  with  a  series  of  peculiar  bodies, 
termed  "  lithocysts,"  each  of  which  is  protected  by  a  sort  of 
process  or  hood  derived  from  the  ectoderm,  and  consists 
essentially  of  a  combined  "vesicle  "and  "pigment-spot,"  such 
as  have  been  described  as  occurring  in  the  Medusida.  These 
marginal  bodies  likewise  communicate  with  the  chylaqueous 
canals.  The  reproductive  elements  "  are  lodged  in  saccular 
processes  of  the  lower  portion  of  the  central  cavity,  imme- 
diately above  the  bases  of  the  radiating  canals,  and  being 
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raully  of  some  bright  colour,  form  a  conspicuous  cross  shining 
Ihiough  the  thickness  of  the  disc  "  (Greene).  By  a  series  of 
elaborate  experiments,  Mr  G.  J.  Romanes  has  shown  that  the 
cnntracUoiis  of  the  swinuning-bell  of  the  Sea-blubbers  obey 
the  same  laws  as  the  contractions  of  muscular  tissue  generally, 
being  excitable  by  the  same  stimuli,  and  similarly  affected  by 
diemical  reagents.  The  removal  of  the  margin  of  the  umbrella 
causes  a  more  or  less  total  paralysis,  and  the  same  effect  is 
produced  by  the  excision  of  the  marginal  bodies,  showing  that 
these  parts  are  the  seat  of  the  energy  by  which  the  movements 
ire  effected. 

In  the  Rkitostomidtx  the  reproductive  zooids  (fig.  53),  differ 
fnsm  those  we  have  just  described  as  occuring  in  the  first 
section  of  the  Ptla^da,  in  not  possessing  tentacles  on  the 
margin  of  the  umbrella,  and  in  having  the  simple  central 
polypite  replaced  hy  a  composite  dendriform  process,  which 


Xs; 


'Hhinfiomulae.     GcnerACii 
■■■■'  odcndra  -  tovb,. 


btais  numerous  polypites,  projects  far  below  the  umbrella,  and 
is  thus  described  by  Professor  Huxley  : — "  In  the  Rhizoslomida 
(%  53)1  a  complex,  tree-like  mass,  whose  branches,  the  'stoma- 
lodcndia,'  end  in,  and  are  covered  by,  minuie  polypites,  inter- 
■pcrsed  with  cUvate  tentacula,  is  suspended  from  the  middle 
of  the  umbrella  in  a  very  singular  way.    The  main  trunks  of 
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the  dependent  polypiferous  tree,  in  fact,  unite  above  into  a 
thick,  flat,  quadrate  disc,  the  'syndendrium/  which  is  suspended 
by  four  stout  pillars,  the  '  dendrostyles,'  one  springing  from  each 
angle,  to  four  corresponding  points  on  the  under  surface  of  the 
umbrella,  equidistant  from  its  centre.  Under  the  middle  of 
the  umbrella,  therefore,  is  a  chamber,  whose  floor  is  formed 
by  the  quadrate  disc,  whilst  its  roof  is  constituted  by  the  under 
wall  of  the  central  cavity  of  the  umbrella,  and  its  sides  are 
open.  The  reproductive  elements  are  developed  within  radiat- 
ing folded  diverticula  of  the  roof  of  this  genital  cavity."  Ac- 
cording to  other  authorities,  however,  the  apparent  pol)rpites 
of  the  •*  stomatodendra  "  are  really  mouth-like  apertures  formed 
by  the  extraordinarily  complex  manner  in  which  the  oral  lobes 
are  folded,  and  there  is  then  in  reality  but  one  single  central 
polypite,  hanging  from  the  under  surface  of  the  umbrella. 

It  appears,  finally,  that  amongst  the  old  Pulmograde  Aca- 
lephae,  or  amongst  what  would  commonly  be  called  Jelly-fishes, 
we  have  the  following  distinct  sets  of  beings,  which  resemble 
each  other  more  or  less  closely  in  appearance,  but  differ  in 
their  true  nature : — 

1.  Free  medusiformgonophores  of  various  Ci?rv«Mra,  Campa- 
nularida^  and  the  Oceanic  Hydrozoa, 

2.  True  Medusidce,  entirely  resembling  the  former  in  anato- 
mical structure,  but  differing  in  the  fact  that  their  ova  do  not 
give  rise  to  a  fixed  zooid,  but  to  free-swimming  organisms  ex- 
actly like  the  parent  hydrosoma  {Trachynemtda^  Geryonida^ 
and  y£ginidce), 

3.  Hydrozoa,  which  are  provided  with  an  "  umbrella  *'  (with 
all  the  peculiarities  belonging  to  this  structure),  but  whidi  re- 
produce themselves  without  the  intervention  of  free  generative 
zooids  produced  by  fission  (Pelagia), 

4.  The  free  generative  zooids  of  most  of  the  Felagida^  with 
an  umbrella  and  a  single  polypite,  the  primitive  hydrosoma 
being  fixed  and  sexless  {Aurelia,  Cyanea,  &c) 

5.  The  free  generative  zooids  of  the  Rhizostomidce,  with  an 
umbrella  and  a  complex  central  tree  bearing  many  polypites 
(Rhizostoma,  Crphea,  &c.) 

Of  these  five  classes  of  organisms,  Nos.  i  and  2  constitute 
the  Gymnophthalmate  Medusce  of  Professor  E.  Forbes,  whilst 
Nos.  3,  4,  and  5  are  the  Steganophthalmate  Medusa  of  the 
same  naturalist. 

Sub-class  V.  GRAPTOLiTiDiE  ( =  Rhabdophora,  Allman). 
— The  organisms  included  at  present  under  this  head  are  all 
extinct,  and  they  are  in  many  respects  so  dissimilar,  and  their 
structure  is  so  far  from,  being  entirely  understood,  that  it  is 
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doubtful  if  any  definition  can  be  framed  which  will  include  all 
the  supposed  members  of  the  family.  The  following  definition, 
however,  will  include  all  the  most  typical  Graptolites : — 

Hydiosoma  compound,  occasionally  branched,  consisting 
of  mmtierous  polypites  united  by  a 
coenosarc ;  the  latter  being  enclosed  in 
a  strong  tubular  polypary,  whilst  the 
former  were  protected  by  hydrothecae. 
In  the  great  majority  of  Graptolites  the 
hydrosoma  was  certainly  unattached;      ^4^  ill  B 

but  in  some  aberrant  forms — doubtfully 
belonging  to  the  sub-class  —  there  is 
reason  to  believe  that  the  hydrosoma 
was  fixed.  The  polypites  are  never 
separated  from  the  coenosarc  by  any 
partition.  In  many  cases  the  hydro- 
soma was  strengthened  by  a  chitinous 
rod,  the  **  solid  axis,"  somewhat  an- 
alogous to  the  chitinous  rod  recently 
described  by  Professor  Allman  in  the 
singular  Polyzoon  Rhabdopleura, 

From  the  above  definition  it  will  be  seen 
that  the  nearest  living  allies  to  the  Graptolites 
are  the  Sertularians.  In  point  of  fact,  if  we 
do  not  insist  upon  the  presence  of  a  "  solid 
axis**  as  part  of  the  definition,  the  Grapto- 
lites  difler  from  the  Sertularians  in  no  essential 
point,  save  that  the  hydrosoma  is  always  at- 
tached in  the  latter^  and  was  certainly  free  in 
the  most  typical  examples  of  the  former.  In- 
deed, certam  forms  at  present  placed  among 
the  GrapioliUs — such  as  PtUograptus  and  Den- 
drdf^raptus — are  so  similar  to  some  living  Sertu- 

larnns,  that  it  might  be  well  to  remove  them 

altogether  from  the  Graptolitida^  and  to  regard 

them  as  extinct  representatives  of  the  Sertula- 

rida. 


C 


A 
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Fig-  54- — A,  Gra^tolitesiMoM- 
ogra^tuii  fnodon^  Bronn. 
preserved  in  relief:  lateral 
view  slightly  enlarged.  B, 
Dorsal  view  of  a  fragment 
of  the  same  species  :  con- 
siderably enlarged.  C, 
Front  view  of  a  fragment 
of  the  same,  showing  the 

.  mouths  of  the  cellules: 
much  enlarged.  D,  trans- 
verse section  of  the  same. 
All  from  the  base  of  the 
Coniston  Flags.  (Orig- 
inal.) 


As  regards  the  value  of  the  "  solid  axis  **  as 
an  element  in  defining  Graptolites,  it  is  doubt- 

M  if  much  stress  can  be  laid  upon  its  presence  or  absence.  It  is  true 
that  it  is  present  in  all  the  most  characteristic  members  of  the  sub-class, 
hat  it  has  not  been  proved  to  be  present  in  some  forms,  which  in  other 
respects  are  quite  typical  members  of  the  group. 

Taking  such  a  simple  Graptolite  as  G,  priodon  (fig.  54)  as 
the  type  of  the  sub-class,  the  hydrosoma  is  found  to  consist  of 
the  "solid  axis,"  the  "common  canal,"  and  the  "cellules." 
The  entire  polypary  is  corneous  and  flexible,  and  the  solid 
axis  is  a  cylindncal  fibrous  rod,  which  gives  support  to  the 
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entire  organism,  and  is  often  prolonged  beyond  one  or  both 
ends  of  the  hydrosoma.  There  is,  however,  every  reason  for 
believing  that  the  so-called  "  solid  axis  "  is  truly  hoUaw.  The 
common  canal  is  a  tube  which  encloses  the  coenosarc,  and 
gives  origin  to  a  series  of  cellules,  these  being  little  cups 
corresponding  to  "  hydrothecae,"  and  enclosing  the  polypites. 
Not  only  are  the  essential  details  of  the  structure — ^with  the 
exception  of  the  solid  axis — strictly  comparable  with  that  of  a 
Sertularian,  but  there  is  a  good  evidence  that  the  reproductive 
process,  in  some  forms  at  any  rate,  was  also  carried  on  in  a 
manner  similar  to  what  we  have  seen  in  the  other  Hydroida 
— namely,  by  generative  buds  or  gonophores  enclosed  in 
gonangia. 

No  GraptolitCt  however,  lias  hitherto  been  certainly  proved  to  have  been 

fixed  by  a  *'hydrorhiza/*  and  it  is  only 
in  certain  aberrant  forms  that  there  are 
any  traces  of  a  **hydrocaulus." 

Besides  the  simple  forms  of  Grapto- 
lites  with  a  row  of  cellules  on  one  side 
(monoprionidian)  (fig.  54),  there  are 
others  with  a  row  of  cellules  on  each  side 
(diprionidian)  (fig.  55).  Many  other 
mcxiifications  are  known  ;  but  there  is 
only  another  peculiarity  which  is  worthy 
of  notice  here.  This  is  the  occurrence 
in  several  genera  of  a  basal  corneous 
disc  or  cup,  which  is  probably  the  ho- 
mologue  of  the  **  float  or  **pneumato- 
phore  "  of  the  Physophoridae.  (For 
distribution  of  Graptolites  see  Distri- 
bution of  Hydrozoa  in  Time.) 

As  regards  their  mode  of  oc- 
currence, Graptolites  are  usually 
found  as  glistening,  pyritous  im- 
pressions, with  a  silvery  lustre. 
In  some  cases,  however,  they  are 
found  in  relief. 

Sub-class  VL   Hydrocoral- 
LiNiE. — This  name  has  recently 
been  proposed  by  Mr  Mosdey 
for  two  groups  of  marine  animals 
^'^  '^'(^i^*'^^:^r^  which   produce  a  regular  skele- 

ton  of  carbonate  of  lime,  often 
of  large  size,  and  which  have  been  generally  referred  to  the 
Corals  {Actinozoa),  One  of  these  groups  comprises  the  well- 
known  MilUpora  (fig.  56),  which  is  found  contributing  so 
largely  to  the  formation  of  coral-reefs  in  the  West  Indies  and 
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Pacific  The  calcareous  skeleton  of  MilUpora  is  mostly  in  the 
form  of  foliaceons  or  laminar  expansions,  stony  in  texture,  with 
a  smooth  surface  studded  with  minute  apertures  of  two  sizes, 
the  larger  of  these  being  much  the  fewest  (fig.  56,  C).     The 
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larger  openings  are  the  mouths  of  tubes  (fig.  56,  B,/,/),  which 
are  divided  by  transverse  calcareous  partitions  into  a  number 
of  compartments,  only  the  most  superficial  of  these  being 
actually  tenanted  by  the  living  animal.  The  smaller  tubes  are 
similarly  septate  or  "  tabulate,"  and  the  general  tissue  of  the 
Aeleton  (fig.  56,  C)  is  composed  of  calcareous  trabecule 
Iravcised  by  a  series  of  ramifying  and  anastomosing  ccenosarcal 
cao^  which  place  the  tubes  occupied  by  the  zooids  in  direct 
communication. 

From  the  presence  of  transverse  partitions,  or  "  tabulae,"  in 
its  tubes,  MiUepora  was  generally  placed  amongst  the  so-called 
"Tabnlate  Corals,"  with  the  typical  forms  of  which  it  has  no 
affinity.  Though  its  skeleton  is  abundantly  obtained  in  the 
i^ions  where  it  occurs,  the  living  animal  has  been  rarely  ob- 
loved.  The  late  Professor  Agassiz  was  the  first  to  examine 
MUi^tra  io  its  living  condition,  and  he  was  led  to  the  conclu- 
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sion  that  tne  genus  was  unequivocally  referable  to  the  Hydro- 
zoa.  A  similar  conclusion  has  recently  been  reached  by  Mr 
Moseley,  who  had  the  opportunity  of  examining  the  living 
animal  minutely.  According  to  this  observer,  the  colony  of 
MUlepora  consists  of  two  kinds  of  zooids.  The  larger  zooids 
occupy  the  larger  tubes,  and  have  a  mouth  and  from  four  to 
six  knobbed  tentacles :  the  smaller  zooids  inhabit  the  smaller 
tubes,  have  no  mouth,  and  have  from  five  to  twenty  tentacles. 
The  body-cavities  of  all  the  zooids  are  united  together  by 
numerous  coenosarcal  canals,  which  ramify  in  the  spongy  skele- 
ton. On  the  other  hand,  Professor  Martin  Duncan  and  Ma- 
jor-General Nelson  describe  the  polypes  of  MUlepora  as  having 
four,  eight,  twelve,  or  more  tentacles,  arranged  in  successive 
whorls,  and  they  regard  its  structure  as  decidedly  Alcyonarian^ 
the  animal  being  thus  truly  referable  to  the  Acttnozaa.  As  all 
the  compound  Alcyonaria  possess  coenosarcal  tubes  uniting  the 
different  zooids,  and  as  the  reproductive  organs  of  MUlepora 
have  not  yet  been  described,  the  proper  systematic  position 
of  the  genus  is  still  open  to  question. 

No  such  doubt,  however,  seems  to  envelop  the  extraordin- 
ary animals  known  as  the  Stylasteridce,  which  have  always  been 
regarded  as  true  Corals.  The  skeleton  in  these  forms  is  a 
branched  calcareous  structure,  closely  resembling  in  many 
respects  some  undoubted  corals  (such  as  Oculina)»  Mr 
Moseley  has,  however,  recently  examined  a  number  of  the 
Slylasterida  in  the  fresh  condition,  and  has  determined  that 
they  are  true  Hydrozoa,  The  colony  consists  of  two  kinds  of 
zooids,  large  and  small.  The  larger  or  "  alimentary  "  zooids 
are  comparatively  few  in  number,  with  a  variable  number  of 
tentacles,  or  sometimes  non-tentaculate,  with  a  mouth,  and 
having  a  special  layer  of  digestive  cells  lining  the  body-cavity. 
The  smaller  or  "  tentaculate  zooids  "  are  much  the  most  num- 
erous, and  are  not  only  like  tentacles  in  shape,  but  are  often 
placed  in  circles  round  the  larger  zooids,  as  if  they  belonged  to 
them.  They  do  not  possess  tentacles  themselves,  they  have  no 
mouths,  and  they  are  devoid  of  a  layer  of  digestive  cells  lining 
the  body-cavity,  their  function  being  apparendy  solely  prehen- 
sile. The  cavities  of  the  zooids  are  placed  in  communication 
with  one  another  by  a  complex  system  of  canals  ramifying  in 
the  coenosarcal  skeleton  \  and  the  true  Hydrozoal  character  of 
these  coral-like  forms  is  shown  by  the  fact  that  the  reproduc- 
tive organs  are  situated  outside  the  bodies  of  the  ordinary 
zooids,  being  in  the  form  of  fixed  sporosacs  developed  within 
sac-like  cavities  ("  ampullae  **)  in  the  skeleton,  which  at  certain 
periods  communicate  with  the  exterior  by  minute  pores. 
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CHAPTER  XI I. 

DISTRIBUTION  OF  THE  HYDROZOA. 

I.  Distribution  of  Hydrozoa  in  Space. — The  genera  of 
Hydrazoa  have  a  wide  distribution,  the  mode  of  reproduction 
amongst  the  fixed  forms  being  such  as  to  insure  their  extension 
over  considerable  areas.  The  various  species  oi  Hydra  are 
of  common  occurrence  in  the  fresh  waters  of  various  regions 
of  the  world.  Cordylophora,  the  sole  remaining  fresh-water 
genus,  has  not  been  found  to  occur  out  of  the  north  temperate 
zone.  All  the  other  Hydrozoa^  without  a  known  exception, 
are  marine  in  their  habits.  The  fixed  forms — viz.,  the  Cory- 
nida^  Sertuiarida^  and  Campanularida — are  represented  more  or 
less  abundantly  in  almost  all  seas,  extending  firom  the  littoral 
zone  to  considerable  depths.  The  oceanic  Hydrozoa  (Calyco- 
phoridiB  and  Physophorida)  are  chiefly  characteristic  of  tropical 
seas ;  but  they  are  found  also  in  the  Mediterranean,  and  even 
in  seas  not  far  fi-om,  or  even  within,  the  arctic  circle.  Of  the 
HydrocaraHifUBy  Milkpora  is  found  in  shallow  water  in  the 
coral-reefs  of  the  West  Indies  and  Pacific  Ocean,  and  the 
StyUuttrids  mostly  inhabit  the  warmer  oceans,  principally  at 
considerable  depths. 

II.  Distribution  of  Hydrozoa  in  Time.— The  fine-grained  litho- 
graphic slates  of  Solenhofen  and  Eichstadt  have  yielded  impressions  of 
Midusa  belonging  to  the  existing  families  of  the  ^quorida  and  Trachyne' 
mida :  and  the  Lucemarida  are  represented  by  an  ancient  form  of  tne 
Rkhiuiomida,\R  the  same  formation.  With  these  exceptions,  however, 
there  are  few  fossil  remains  which  would  universally  be  conceded  to  be 
of  a  Hydrotoal  nature.  The  Oldhamia  of  the  Cambrian  rocks  of  Ire- 
land  has,  indeed,  been  regarded  as  belonging  to  the  Hydrozoa;  but  it  is 
beliered  by  Mr  Salter  to  be  really  a  plant.  It  consists  of  a  main  stem  with 
niuneiuus  secondary  branches,  springing  from  the  axis  in  an  umbellate 
manner,  bat  exhibiting  no  traces  of  hydrothecae. 

The  occnrrence  of  Carynida  in  a  fossil  condition,  except  in  a  few  cases, 
can  hardly  be  said  to  be  free  from  doubt.  Remains  possibly  referable  to 
this  order  have  been,  however,  recently  discoveied  in  the  Palaeozoic  rocks. 
The  oldest  of  these  was  described  by  the  author  some  years  ago  from  the 
Lower  Silurian  rocks  of  Dumfriesshire  under  the  name  of  Corynoides. 
More  lately  a  supposed  Corynid  called  Pahrocoryne  has  been  described 
from  the  Carboniferous  rocks  of  Scotland.  Species  of  Hydrcutinia  have 
alio  been  described  from  the  Cretaceous,  Miocene,  and  Pliocene  deposits. 

The  Sertuianda  and  Campanularida  are  not  certainly  known  to  occur  in 
t  fottil  condition.  The  fossils  called  DendrograptuSy  Callograptus,  Ptii(h 
gnpius,  and  Dktyonemat  all  at  present  placed  amongst  the  GraptoiHes, 
are,  however,  not  improbably  truly  referable  to  the  Sfrtularida. 

Thoe  can  be  little  doabt  but  that  the  large  and  singular  family  of  the 
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Grapiolitida  should  really  be  looked  upon  as  extinct  HydrototL^  though 
good  authorities  still  place  them  amongst  the  Polytoa,     As  r^;ards  thai 

distribution  two  facts  are  chieflj 

noticeable.    In  the  first  place,  nc 

Graptolite,  except   the   doubtful 

genus  Dictyoncnia^  has  hithertc 

w^    €1  been  found  to  occur  above  th< 

Nki/  Silurian  rocks.    The  Graptolite 

^  may  therefore  be  regarded  as  char' 

Fig.  'ii.^Didymograpiux  V-frtuius.  acteristic  fossils  of  the  Siluriai 

period.  Secondly,  the  diprioni 
dian  Graptolites,  or  those  with  a  row  of  cellules  on  each  side  (€,g.^  DifU 
graptus  and  Climacograptus\  have  in  Bohemia  alone  been  certain]] 
shown  to  occur  above  the  horizon  of  the  Lower  Silurian  rocks.  Tlu 
common  genus  Didymograptus  (comprising  the  "twin"  Graptolites,  &;> 
57)  is  still  more  characteristic  of  the  Lower  Silurian  period.  In  DiJ^ 
niograptus  the  polypary  consists  of  two  lateral  symmetrical  branches,  wid 
cellules  on  one  side  only,  springing  from  a  central  point  or  base,  wfaidi  ii 
usually  marked  by  a  little  spine  or  "radicle." 

The  HydrocoralluuB  are  not  known  to  be  represented  in  deposits  olde 
than  the  Tertiary, 
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ACTINOZOA. 
I.  General  Characters  of  the  Actinozoa.     2.  Char 

ACTERS  OF  the  ZOANTHARIA.  3.  ZOANTHARIA  MaLA 
CODERMATA.  4.  ZOANTHARIA  SCLEROBASICA.  5.  ZOAN 
THARIA  SCLERODERMATA. 

Class  II.  Actinozoa. — The  Actinozoa  are  defined  as  Qtim 
teraia  with  a  differentiated  digestive  sac  opening  below  into  th 
somatic  cavity^  but  separated  from  the  body-avails  by  an  interven 
ing  ^^ periviscercU  space^^  ivhich  is  divided  into  a  series  ofcompari 
ments  by  vertical  partitions  or  "  mesenteries ^^^  to  the  faces  ofwhici 
the  reproductive  organs  are  attcuhed. 

The  Actinozoa  (fig.  59),  therefore,  differ  fundamentally  fron 
the  Hydrozoa  in  this,  that  whereas  in  the  latter  the  digestiv< 
cavity  is  identical  with  the  somatic  cavity,  in  the  former  then 
is  a  distinct  digestive  sac,  which  opens,  indeed,  into  th< 
somatic  cavity,  but  is,  nevertheless,  separated  from  it  by  ai 
intervening  perivisceral  space.  As  a  result  of  this,  the  body  o 
a  typical  Actinozoon  (fig.  58)  exhibits  on  transverse  section  tw< 
concentric  tubes,  one  formed  by  the  digestive  sac,  the  other  b] 


CtELENTERATA  :  ACTINOZOA. 


H3 


the  parietes  of  the  body;  whereas  the  transverse  section  of  a 
Hydroawn  exhibits  but  a  single  tube,  formed  by  the  walls  of 
tbe  combined  digestive  and  somatic  cavity. 

Histologically,  the  tissues  of  the  Adinaeoa  are  essentially  the 
same  as  those  of  the  Hydrozoa,  consisting  of  the  two  funda- 
mental layers,  the  "  ectodenn  "  and  the  "  endoderm."  In  the 
Adaiotoa,  however,  there  is  a  much  greater  tendency  to  a 
differentiation  of  these  into  specialised  structures,  and  in  some 
members  of  the  class  muscular  fibres  are  well  developed. 
Thus,  the  Sea-anemones  have  a  well  -  developed  series  of 
longitudinal  and  circular  muscular  fibres,  of  which  the  former 


become  radial  in  the  disc  and  base.  Cilia  are  often  present, 
especially  in  the  interior  of  the  somatic  cavity,  where  they 
vm  to  promote  a  circulation  of  the  digestive  fluids  contained 
therein.  The  sole  digestive  apparatus  in  the  Actinozoa  consists 
of  a  tubular  stomach-sac,  which  communicates  freely  with  the 
tnter  world  by  means  of  the  mouth,  and  opens  infeiiorly 
directly  into  the  general  body-cavity.  In  most,  the  "peri- 
nsceral  space"  between  the  body-waJls  and  the  digestive  sac 
is  subdivided  into  compartments  by  a  series  of  vertical  lamellae, 
which  are  called  the  "mesenteries"  (fig.  s?.  "»)•  Upon  the 
bees  of  these  are  borne  the  reproductive  organs  in  the  form 
of  band-like  ovaiia  or  spermaria.  There  are  no  ditferentiated 
respiratory  oi^ans  as  a  rule.  Some  forms,  however,  which 
lire  half-buried  in  sand  or  mud,  have  lobal  and  crimped 
o^ans  attached  to  or  near  the  tentacles,  which  have  been 
nppMed  to  act  as  breathing-organs ;  whilst  structures  supposed' 
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to  be  gills  are  developed  in  some  Zoanthids  on  either  side  of 
the  primary  mesenteries. 

'Hiread-cells,  often  of  very  complicated  structure,  are  almost 
universally  present,  some  few  forms  having  been  asserted  to.be 


without  them ;  and  some  of  the  Actinozoa  are  able  to  sting 
very  severely. 

A  nervous  system  has  not  yet  been  proved  to  exist  in  the 
Actinozoa  generally,  except  in  the  Ctmophora,  and  in  none  are 
there  any  traces  of  a  vascular  system.  Some  Actinia  are  said 
to  have  short  optic  nerves  distributed  to  the  pigment-masses  at 
the  bases  of  the  tentacles,  and  these  masses  are  deafly  of  a 
sensory  nature ;  whilst  the  same  animals  are  affirmed  to  have 
a  general  nervous  system  as  well. 

Distinct  reproductive  organs  occur  in  all  the  Adiftotea,  but 
these  are  internal,  and  are  never  in  the  form  of  external  pro- 
cesses as  in  the  Hydrozoa.  Sexual  reproduction  occurs  in  all 
the  members  of  the  class,  but  in  many  forms  gemmation  or 
tission  constitutes  an  equally  common  mode  of  increase. 
Some  Actitwzoa,  therefore,  such  as  the  common  Sea-anemones, 
are  simple  organisms ;  whilst  others,  such  as  the  reef-building 
corals,  are  composite,  the  act  of  gemmation  or  fission  giving 
rise  to  colonies  composed  of  numerous  zooids  united  by  a 
coenosarc  In  these  cases  the  separate  zooids  are  termed 
"  polypes,"  the  terra  "  polypite "  being  restricted  to  the 
Hydrozca.      In    the    simple  Actinozoa,    however,  the    tenn 
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"polype"  is  employed  to  designate  the  entire  organism.  In 
odier  wordsy  the  "  actinosoma,"  or  entire  body  of  any  Actinozoon^ 
may  be  composed  of  a  single  "  polype,"  or  of  several  such, 
produced  by  a  process  of  continuous  gemmation  or  iission,  and 
united  by  a  common  connecting  structure,  or  coenosarc 

Most  of  the  Actinozoa  are  permanently  fixed ;  some,  like  the 
Sea-anemones,  possess  a  small  amount  of  locomotive  power ; 
and  one  order,  the  Ctenophora^  is  composed  of  highly  active, 
free -swimming  organisms.  Some  of  the  Actinozoa  are  un- 
provided with  any  hard  structure  or  support,  as  in  the  Sea- 
anemones  and  in  all  the  Ctmophora;  but  a  large  number 
secrete  a  calcareous  or  homy,  or  partially  calcareous  and 
partially  homy,  firamework  or  skeleton,  which  is  termed  the 
"  coral,''  or  "  corallum." 

The  Actinozoa  are  di^ded  into  four  orders — viz.,  the  Zo- 
antharia^  the  Akyonaria^  the  Rugosa^  and  the  Cienophora ; 
bat  the  last  is  sometimes  placed  amongst  the  Hydrozoa^  and 
it  has  been  recently  proposed  to  remove  the  Rugosa  also  to 
the  same  class. 

Order  I.  Zoantharia. — ^The  Zoantharia^  Hexacoralla  or 
"  Helianthoid  Polypes "  are  defined  by  the  disposition  of  their 
soft  parts  in  multiples  of  five  or  six,  typically  the  latter,  and  by 
the  possession  of  simple,  usually  numerous,  tentacles.  There  may 
hi  no  coraUum,  or  rarely  a  "  sclerobasic  "  one.  Usually  there  is 
a  ^^  sclerodermic^*  corallum,  in  7vhich  the  septa  in  each  corallite, 
like  the  mesenteries,  are  arranged  in  multiples  of  five  or  six. 

The  above  characters,  though  distinctive  of  the  Zoantharia 
as  an  order,  are  not  capable  of  universal  application,  since  the 
disposition  of  the  mesenteries  in  sixes  cannot  be  always  re- 
cognised, and  the  tentacles  are  in  rare  instances  fringed  with 
lateral  processes  ("  pinnate  "). 

The  Zoantharia  are  divided  into  three  sub-orders — the  Zoan- 
tharia malacodermata,  the  Z,  sclerobasica,  and  the  Z,  scleroder- 
ifuita;  according  as  the  corallum  is  entirely  absent  or  very 
rudimentary,  is  **  sclerobasic,"  or  is  "  sclerodermic." 

Suborder  I.  Zoantharia  malacodermata. — In  this  sec- 
tion of  the  Zoantharia  there  is  either  no  corallum  or  a  pseudo- 
corallum  in  the  form  of  adventitious  spicules  scattered  through 
the  soft  parts.  The  "  actinosoma  "  is  usually  composed  of  but 
a  single  pjolype.  (The  term  "  actinosoma "  is  a  very  con- 
venient one  to  express  in  the  Actinozoa  what  **  hydrosoma " 
expresses  in  the  Hydrozoa  —  namel/,  the  entire  organism 
whether  simple  or  compound.) 

There  are  three  families  in  this  section,  of  which  the 
Admda  will  require  a  somewhat  detailed  examination,  since 
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they  may  be  taken  as  typical  of  the  entire  class  of  the 

Actinoza. 

Family  I.  ActinidjB, —The  members  of  this  iiunily  are 
commonly  known  as  Sea-anemones,  and  are  distinguished  t^ 
having  no  corallum,  or  a  spurious  one,  by  being  rarely  com- 
pound, and  by  having  the  power  of  locomotion. 

The  body  of  a  Sea-anemone  (fig.  60,  a)  is  a  truncated  con^ 
or  a  short  cylinder,  termed  the  "  column,"  and  is  of  a  soft 
leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  "base"  and  the  "disc,"  the  fonner 
constituting  the  sucker,  whereby  the  animal  attaches  itself  at 
will,  whilst  the  mouth  is  situated  in  the  centre  of  the  latter. 


Fig.  60.— Morpliology  of  Actinidac. 


-Autf/f J  tdbiJA- 


Most  Sea-anemones  fix  themselves  by  the  base  to  some  foreign 
object — a  stone  or  a  living  animal— but  others  (Peackia  and 
Edrvardsia)  bury  themselves  more  or  less  completely  in  the 
sand.  In  a  few  cases  (Ceriitnthus  and  Peachia)  the  centre  of 
the  base  is  perforated,  but  the  object  of  this  arrangement  is 
unknown.  Between  the  mouth  and  the  circumference  of  the 
disc  is  a  flat  space,  without  appendages  of  any  kind,  termed  the 
"peristomial  space."  Round  the  circumference  of  the  disc 
are  placed  numerous  tentacles,  usually  retractile,  arranged  in 
alternating  rows,  and  amounting  to  as  many  as  200  in  number 
in  the  common  Actinia.  The  tentacles  are  tubular  prolongations 
of  the  ectoderm  and  endoderm,  containing  diverticula  from 
the  somatic  chambers,  and  often  having  apertures  at  lh«r 
free  extremities.  The  mouth  leads  directly  into  the  stomach, 
which  is  a  wide  membranous  tube,  opening  by  a  lai^e  aper- 
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ture  into  the  general  body-cavity  below,  and  extending  about 
half-way  between  the  mouth  and  the  base.     The  wide  space 
between  the  stomach  and  column -wall  is  subdivided  into  a 
number  of  comp>artments  by  radiating  vertical  lamellae,  termed 
the  "  primary  mesenteries,"  arising  on  the  one  hand  from  the 
inner  sur£&ce  of  the  body-wall,  and  attached  on  the  other  to 
the  external  surface  of  the  stomach.     In  reality  the  mesenteries 
are  arranged  in  pairs,  the  chamber  between  each  pair  opening 
above  into  the  cavity  of  a  tentacle.      As  the  stomach  is 
considerably  shorter  than  the  column,  it  follows  that  the  inner 
edges  of  the  primary  mesenteries  below  the  stomach  are  free ; 
and  these  free  edges,  curving  at  first  outwards  and  then  down- 
wards and  inwards,  are  ultimately  attached  to  the  centre  of  the 
base.     Besides  the  primary  mesenteries,  there  are  other  lamellae 
which  also  arise  from  the  body-wall,  but  which  do  not  reach  so 
far  as  the  outer  surface  of  the  stomach,  and  are  called  "  second- 
ary" and  "tertiary"  mesenteries,  according  to  their  breadth. 
The  reproductive  organs  (fig.  29)  are  in  the  form  of  reddish 
bands,  which  contain  ova  and  spermatozoa,  and  are  situated  on 
the  faces  of  the  mesenteries.     Most  of  the  Actinia  are  dioecious 
—that  is  to  say,  the  same  individual  does  not  develop  both  ova 
and  spermatozoa;  but  some  forms  are  monoecious.     The  free 
edges  of  the  mesenteries  below  the  stomach  are  thickened,  and 
constitute  puckered  and  convoluted  cords  ("  craspeda"),  which 
are  richly  furnished  with  thread-cells.     Attached  also  to  the 
free  edges  of  the  mesenteries  are  sometimes  found  long  thread- 
like filaments  likewise  crowded  with  thread  -  cells.     These 
peculiar  structures  ("  aconiia  **)  appear  to  be  organs  of  offence 
and  defence,  as  they  can,  on  irritation,  be  rapidly  shot  forth 
from  the  mouth,  as  well  as  from  certain  minute  orifices  in  the 
body- wall  ("  cinclides")  which  appear  to  be  specially  intended 
for  their  emission.    As  regards  their  nervous  system,  nerve- 
cells  and  anastomosing  nerve-fibres  are  stated  to  be  present 
in  the  base  (Martin  Duncan),  and  may  exist  in  other  parts  of 
the  Sea-anemones,  whilst  the  pigment-masses  at  the  bases  of 
tbe  tentacles  in  some  forms  appear  undoubtedly  to  be  rudi- 
mentary organs  of  vision. 

The  embryo  of  the  Actinia  is  a  free-swimming  ciliated  body, 
at  first  rounded,  but  afterwards  somewhat  ovate.  The  rudi- 
mentary mouth  is  soon  marked  out  by  a  depression  at  the 
higer  extremity;  thread-cells  appear  as  a  layer  in  the  ecto- 
dom;  a  fold  is  prolonged  inwards  from  the  mouth  to  form 
the  digestive  sac ;  and  the  primitive  tentacles  arc  at  first  two 
in  number,  but  are  rapidly  increased  to  six. 
Family  II.  iLVANTHiDiE. — In  this  family  there  is  no  corallum, 
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and  the  polypes  are  single  and  free,  with  a  rounded  or  tapering 
base.  IlyatUhus  itself  (fig.  61,  B)  is  in  all  essential  respects 
identical  with  the  ordinary  Actinia,  but.it  is  of  a  pointed  or 
conical  shape,  the  base  being  much  attenuated,  and  it  leads  a 
free  existence.  Arachnactis  {fig.  60,  b)  is  also  free,  and  accord* 
ing  to  Professor  E.  Forbes,  it  can  not  only  swim  like  a  jelly- 
fish, but  "  it  can  convert  its  posterior  extremity  into  a  suctorial 
disc,  and  tix  itself  lo  bodies  in  the  manner  of  an  Actinia!'  It 
is  by  no  means  certain,  however,  that  Arachnaetts  is  a  mature 
fonn,  and  there  is  some  reason  lo  suppose  that  it  is  merely  the 
young  stage  of  some  at  present  unknown  Aciinozoon  (perhaps 
of  Edivardsid). 

Edwardsia  (fig,  6r,  A)  has  a  thin  imperforate  base,  and  lives 


buried  to  the  lips  in  mud  or  sand,  the  middle  of  the  body  be- 
ing protected  by  an  epidermic  investment.  This  curious  forai 
exhibits,  as  shown  by  Prof.  Allman,  many  singular  peculiarities 

of  internal  structure,  amongst  which  the  fact  that  the  soft  parts 
are  in  multiples  of  four  may  be  specially  noted.  The  distin- 
guished authority  just  mentioned  regards  Edwardsia  as  in 
some  respects  intermediate  between  the  ZoaHtharia  and  Aley- 
otiaria,  and  as  related  to  the  extinct  Rugosa.  Peachia  and 
Cerianthus  also  live  buried  in  the  sand,  both  having  the  base 
perforated  by  an  orifice,  whilst  the  latter  further  protects  itself 
by  the  secretion  of  a  loose,  membranous,  non-adherent  tube. 

Family  III.  Zoanthid*l — The  polypes  in  this  family  fonn 
colonies  united  by  a  fleshy  or  coriaceous  ccenosarc,  in  the 
shape  of  a  crust  or  of  creeping  roots,  and  they  have  no  power 
of  locomotion.     The  ccenosarc  may  be  strengthened  by  im- 
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bedded  spicules,  adventitious  grains  of  sand,  or  other  foreign 
bodies.     Examples  of  the  family  are  ZoatUhus  and  Palythoa. 

Sub-order  II.  Zoantharia  sclerobasica. — The  "  Black 
Corals  "  or  Antipathida^  which  comprise  this  group,  are  always 
cowiposiUy  consisting  of  a  number  of  polypes  united  by  a  thin 
fleshy  canosarCy  which  is  spread  over  and  supported  by  a  simple 
or  more  commonly  branched  homy  axis  or  **  sderobase^  The 
tissues  are  not  furnished  with  calcareous  secretions^  and  the  poly- 
pes have  in  general  six  simple  tentacles. 

The  corallum  or  skeleton  of  the  Antipathidce  is  of  a  homy 
consistence,  its  form  simple  or  branched  in  a  more  or  less 


F^.  63.— Piut  of  the  living  stem  cK  Antipathet  anguina,  of  the  natural  size. 

(After  Dana.) 

complicated  and  plantlike  manner,  and  its  surface  smooth  or 
covered  with  minute  spines.  All  the  Antipathidce  form  colo- 
nies, which  are  rooted  by  the  base  to  some  foreign  object,  and 
which  consist  of  numerous  minute  polypes  united  by  a  fleshy 
ccenosarc  (fig.  62).  The  corallum  is  secreted  by  the  cosnosarc^ 
and  thus  forms  an  axis  or  stem  which  is  completely  covered 
during  life  by  the  soft  parts  of  the  colony,  just  as  the  trunk  of 
a  tree  is  covered  by  the  bark.  Owing,  further,  to  the  fact  that 
the  skeleton  is  produced  wholly  by  the  ccenosarc,  the  corallum 
is  wholly  outside  the  polypes,  which  are  themselves  entirely 
destitute  of  hard  structures.  Various  other  Actinozoa  (such  as 
the  Gorgonida)  possess,  as  we  shall  see,  a  similar  axial  skele- 
ton, secreted  by  the  ccenosarc ;  and  all  such  coralla  are  said 
to  be  "  sderobasic."  As  coralla  of  this  nature  are  not  formed 
by  bard  structures  deposited  within  the  tissues  of  the  polypes, 
the  general  name  of  "foot-secretion"  has  been  applied  to  them 
by  ProL  Dana. 

Sub-order  III.  Zoantharia  sclerodermata. — The  mem- 
bers of  this  sub-order  include  the  great  bulk  of  coral-producing 
or  "  coralligenous "  zoophytes  {Madreporaria)  of  recent  seas. 
They  are  defined  by  the  possession  of  a  corallum  which  ts 
Pariia/fy  or  wholly  developed  within  the  tissues  of  the  polypes 
themselves  (^^sclerodermic  )j  which  does  not  consist  simply  of 
scattered  spicules^  and  in  which  the  parts  are  very  generally  dis- 
posed in  multiples  of  six.     The  actinosoma  may  be  simple j  consist- 
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iiig  of  a  single  polypt  only,  or  composite,  consisting  of  many 
polypes  united  by  a  canosarc. 

As  regards  the  anatomy  of  their  soft  parts,  the  simple  Zoan- 
iharia  sclerodermaia  may  be  regarded  as  essentially  Sea-anem- 
ones, whilst  the  compound  forms  are  simply  colonies  of  Acti- 
noid  polypes  united  by  a  common  flesh  or  ccenosarc  It  is^ 
therefore,  only  necessary  to  consider  the  nature  of  the  skeleton 
or  corallum  of  these  forms,  since  the  leading  peculiarities  of 
the  sub-order  are  to  be  found  in  this. 

If  we  examine  first  a  simple  coral  of  this  group,  we  find  that 
we  have  to  deal  with  an  animal  in  all  important  respects  iden- 
tical with  an  ordinary  sea-anemone,  but  having  a  more  or  less 
complicated  skeleton  developed  in  iw  interior.     The  animal 
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possesses  a  base,  a  column,  and  a  disc — the  latter  surrounded 
by  tentacles,  and  perforated  centrally  by  the  mouth.  The 
motith  opens  into  a  stomach-sac,  connected  with  the  body- 
watls  by  mesenteries ;  and  the  tentaculate  disc  and  dependent 
gastric  sac  remain  permanently  soft  and  capable  of  contraction 
and  expansion.  Below  the  stomach,  the  soh  tissues  of  the 
polype  are  strengthened  and  supported  by  a  more  or  less  per- 
fect calcareous  skeleton  or  corallum  (fig.  64).  This  is  com- 
posed of  calcareous  matter  {"  sclerenchyma ")  deposited  by 
and  in  the  tissues  themselves,  between  the  endoderrn  and 
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ectodenn,  and  the  conUlutn  Is  thus  within  the  polypt,  and  is 
technically  said  to  be  "sclerodermic"  The  "sclerodennic" 
corallum  is,  therefore,  a  true  "  tissue- secret  ion,"  and  thus  differs 
conspicuously  from  the  "  sclerobasis"  of  the  Antipathida  and 
Gvr^mida,  which  is  secreted  by  the  coenosarc,  and  is  not  formed 
by  a  calcification  of  the  soft  parts  of  the  polypes  themselves. 
The  general  distinction,  arising  from  their  mode  of  formation, 
between  "  sclerobasic  "  and  "  sclerodermic  "  corals  is  not,  per- 
haps, of  essential  importance,  and  the  boundary-line  between 
the  two  is  not  very  clearly  marked  ;  but  it  is  of  considerable 
practical  value.  It  is,  moreover,  a  distinction  which  is  readily 
recognised,  as  a  rule,  by  a  simple  inspection  of  the  corallum 
itselC  A  sclerobasic  corallum,  namely,  being  secreted  solely 
by  the  coenosarc  never  exhibits  any  parts  which  correspond 
"ilh  the  separate  polypes  of  the  colony.  On  the  other  hand, 
ihe  sclerodermic  corallum  (when  not  composed  simply  of 
sattered  spicules)  either  consists  of  a  single  cup-like  structure, 
corresponding  with  a  single  polype  (fig.  64),  or  of  several  such 
(fig.  63)  united  by  a  common  skeleton. 
\  typical  simple  sclerodermic  corallum  (fig.  64)  is  secreted 


^  a  single  polype,  and  its  structure  presents  an  obvious  cor- 
tespondeace  vxih  that  of  the  animal  which  produces  it.  It  is 
poetally  more  or  less  conical  in  shape,  sometimes  discoid, 
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consisting  of  an  outer  wall  and  included  space.  The  wall  b 
secreted  by  the  mesoderm  of  the  column  and  base,  and  is 
known  as  the  "  theca,"  It  may  be  very  imperfect,  or  may  be 
strengthened  by  a  secondary  calcareous  investment  ("epitheca.") 
The  theca  encloses  a  space  which  coiresponds  with  the  lower 
part  of  the  body-cavity  of  the  polype,  and  is  known  as  the 
"visceral  chamber,"  Superiorly  the  theca  terminates  in  a 
shallower  or  deeper  cup-shaped  depression,  which  contains 
the  stomach-sac  of  the  polype,  and  is  known  as  the  "  calice." 
Below  the  calice,  the  visceral  chamber  is  subdivided  into  a 
number  of  vertical  compartments  ("loculi")  by  a  series  of 
upright  partitions  or  "septa,"  which  spring  from  the  inner 
surface  of  the  theca,  and  are  directed  inwards  towards  thti 
centre.  The  septa  are  calcifications  formed  within  the  me> 
senteries,  to  which,  therefore,  they  correspond  in  number  and 
size.  Like  the  mesenteries,  the  septa  are  thus  "priraaiy," 
"  secondary,"  and  "  tertiary,"  according  to  their  widtli  (fig.  65)- 


The  septa  in  the  adult  sclerodermic  corallum  are  typically  some 
multiple  of  six  in  number,  arranged  in  six  systems ;  but  this 
rule  is  not  of  universal  application,  and  the  typical  hexameral 
arrangement  may  be  departed  from  altogether.  The  laws  of 
development  of  the  septa  are  complicated,  and  need  not  be 
discussed  here.  On  the  outside  of  the  theca  are  vertical  ridges 
("  costre "),  corresponding  with  the  septa  within ;  and  the 
centre  of  the  visceral  chamber  may  be  vacant,  or  may  be 
occupied  by  an  axial  rod-like  structure,  which  is  termed  the 
"columella."     The  continuity  of  the  "interseptal  loculi"  is 
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liible  to  be  more  or  less  interfered  with  by  the  developmeDt 
of  the  structures  known  as  *'■  synapiiaila"  "  dissepiments,"  and 
"tabulae."  The  "  aynapticulie "  are  transverse  calcareous  bars 
which  stretch  across  the  interseptal  ioculi,  and  form  a  kind  of 
trellis-work,  uniting  the  opposite  faces  of  adjacent  septa.  They 
are  chaiRcteiistic  of  the  J^ngida.  The  "  dissepiments  "  are 
conunonly  present  in  a  great  many  corals,  and  have  the  form 
of  incomplete,  approximately  horizontal  plates,  which  stretch 
between  adjacent  septa,  and  break  up  the  interseptal  loculi 
into  secondary  compartments  or  cells.  I-astly,  the  "  tabulae  " 
iiuiy  be  regarded  as  highly  developed  dissepiments,  and,  like 
ihem,  are  approximately  horizontal,  as  a  rule,  at  any  rate. 
They  differ  from  the  dissepiments  in  the  fact  that  they  cut 
across  the  interseptal  loculi  at  the  same  level  When  fully 
developed  (fig.  G6),  they  are  transverse  plates,  which  extend 
completely  across  the  visceral  chamber,  and  divide  it  into  a 
series  of  stories  placed  one  above  the  other,  the  only  living 
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of  four  cocallitei  of /Vi 


portion  of  the  coral  being  above  the  Inst  formed  tabula. 
TabuliE  are  found  in  various  of  the  Zoaniharia  sderodermata, 
in  some  of  the  Aleyonaria,  and  in  a  great  many  of  the  Riigosa. 
The  above  gives  the  general  structure  of  a  typical  simple 
sderodermic  corallum,  as  secreted  by  a  single  polype.  A  com- 
/wnrf  sclerodermic  corallum  is  the  aggregate  skeleton  produced 
by  a  colony  of  such  polypes,  and  varies  in  form  and  size  accord- 
ing to  the  characters  of  the  colony  by  which  it  is  produced. 
In  general,  such  a  colony  consists  (fig.  67)  of  a  number  of 
polypes,  which  may  spring  directly  from  one  another,  or  may 
tie  united  by  a  common  flesh  or  coenosarc ;  and  corresponding 
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elements  are  found  in  the  corallum.     In  the  former  instance, 
the  compound  corallum  consists  of  an  assemblage  of  separate 
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(After  Dana  ) 


"  corallites,"  as  the  skeletons  of  the  individual  polypes  are 
called,  these  being  united  with  one  another  directly  and  in 
various  ways.  In  the  latter  instance  the  corallum  consists  of 
a  number  of  "  corallites,"  and  of  a  common  calcareous  basis 
or  tissue,  which  unites  the  various  corallites  into  a  whole,  is 
secreted  by  the  ccenosarc,  and  is  known  as  the  "  ccEnenchyma." 


sly  simple,  and  they  bc- 
■■  ■'      ■  ■  'nal  polype- 
is  cffe«ed ! 


The  compound  coralla  are,  of  course, 
come  comjKwile  either  by  Imdcliiig  or  by  cleavage  of  the'  original 
The  following  are  ihc  principal  methods  in  which  this  increase  v 
nnd  in  considering  this  subject  briefly,  it  will  be  as  well  to  lake  into  accoun 
nut  only  the  Zoanlharia  scUroilermala,  but  also  the  Ru/^sa,  the  modes  of 
increase  in  the  two  groups  being  very  similar: — (i.)  Lateral  ax  fiariMl 
grmnialan.^la  this  mode  of  increase  ihe  original  polype  throws  onl  buds 
from  some  point  on  its  sides  between  the  base  and  Ihe  circle  of  lenlacles, 
and  these  buds  on  becoming  perfect  corallites  may  repeat  the  process. 
This  is  one  of  the  commonest  modes  of  groH'th  amongst  the  recent  corals 
and  it  gives  rise  chiefly  to  dendroid  or  tree-like  coiaU. 

(l.)  Basal  gaiimatien. — In  this  method  the  original  polype  gives  forth 
from  its  base  a  rudimentary  ccenosarc,  fnun  which  new  buds  are  thrown  up, 
and  which  may  have  the  form  of  foot'like  prolongations  or  of  a  continuous 
horiionlal  expansion.  The  resulting  coralla  are  usually  massive  or  encrust- 
ing, and  the  youngest  corallites  are,  of  course,  those  placed  on  the  peri- 
phery of  the  colony. 

(3.)   Caliatlar.grmmaliim. — This  consists  in  the  production  of  buds  from. 


the  calicine  disc  of  the  parent  corallite,  which  may  or  may  not  c 

groi\-  thereafter,  whilst  the  new  corallites  thus  produced  generally  repeat 

the  process.     This  mode  of  growth  is  exceedingly  rare  amongst  the  Zeam- 


tkaria  tclerodtrmtUa,  and  ii 


1,  produce  others  afler  a  similar 


Fie.  6e.-CaUtiila.Kininatio 
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HUE  ia  many  of  the  Rugoie  coiab.     In  manjr  of  these  ((ig.  6S), 

1  polrpe  throws  up  From  ils  calicine  disc  one  ui  more  new  corat- 

1  kill  the  parent.     These,  in 

1  the  entire  comllum  assume! 

f  an  inverted  pyramidal  mass 

Ni  the  origiDol  budding  poly- 

Iber  Rupie  corals  the  cali- 

pves  off  but  a  single  hud, 

r  repeat  the  procesi  indetin- 

le  corallum  presents  the  ap- 

of  a  tuccessTon  of  inverted 

od  one  above  the  other. 

nw,  — This  process  in   ihe 

l^Aetmmioa  is  usually  effect - 

ml  deavage,"  the  divisional 

MMnongat  the oml disc,  and 

to  a  greater  or  less  eilcnc, 
1^  ejrtremity  always  remain- 
fad.     According  la  Dana,  in 
KW  mouth  ia  formed  in  Ihe 
the  okl  mouth,  and  a  new 
1  fanned  for  the  new  : 
eh  the  new  tentacles  a: 
This,   therefore,    i 
waking,     a    subdivision    into 

ace  one  half  carries  off  the  old  mtulh  and  stomach.  More  rarely, 
i  effected  by  the  separation  of  small  portions  from  the  attachcil 
:  primitive  organism,  whose  form  and  structure  Ihey  subsequently, 
I  development,  tend  lo  assume." 

SMal -structures  which  result  from  a  repetition  of  the  fisuparous 
e  of  two  principal  kinds,  according  as  lliey  tend  most  lo  increase 
v/  or  in  a  horizontal  direction.  In  Ihe  tirst  of  these  cases  the 
1  taspilmt,  or  tufted,  eonvei:  on  its  distal  aspcci,  and  resolvable 
sesstofi  of  short  diverging  pairs  of  branches,  each  resulting  from 
M  of  a.  single  corallite."  In  the  second  cose  the  coral  becomes 
"  Here  the  secondary  corallites  are  united  throughout  their 
ght,  and  disposed  in  a  linear  series,  the  entire  mass  presenting 
moustheca.'  Both  these  forms  of  corallum  "  are  liable  lo  be- 
liit  by  the  union  of  several  rows  or  lufts  of  coralUles  throughout 

or  a  portion  of  their  height.  An  illustration  of  this  is  afforded 
rge  gjrnxle  corallum  of  Mfattdrina,  over  the  surface  of  whose 
I  nasi  the  calicine  region  of  Ihe  combined  corallites  winils  in  so 
.  manner  as  at  once  to  suggest  thai  resemblance  to  the  convolu- 
te brain  which  Its  popular  name  of  Brain-stone  Coral  has  been 
I  indicate  "  (Greene). 

'oaniharia  sclerodermata  are  divided  into  tlie  four  follow- 
ps,  founded  upon  the  characters  of  the  corallum : — 
too. — The  calcareous  tissue  of  ihe  corallum  is  more  or  less 
.nd  imperforate  ;  the  septa  usually  constituting  complete  solid 
1  the  theca  being  as  a  rule  not  pierced  by  any  apertures.  Dissepi- 
ynapticulsE  are  usually  present,  bul  tabula:  are  rarely  developed. 
HI  taclndes  Ihe  most  highly  developed  of  existing  corulst/iir- 
la^HUtt,  Ailraida,  Fungida,  &c,). 
^ata, — The  cakareoui  tis<ine  of  the  corallum  is  more  or  lest 
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porous,  loosely  aggregated,  spongy,  or  reticulate,  the  walls  in  all  beii^ 
perforated  with  more  or  fewer  apertures.  The  septa  are  generally  well 
developed,  but  they  are  also  perforated  by  apertures,  and  may  be  simply 
trabecular.  Imperfect  dissepiments  may  be  present,  and  in  a  few  cases 
there  are  well-developed  tabuhe  ;  but  the  visceral  chamber  is  usually  more 
or  less  completely  open  from  top  to  bottom.  The  three  families  comprised 
in  this  section  are  the  Eupsammida^  the  Meutreporidcty  and  the  PoriUda. 

3.  Tabulata. — The  visceral  chamber  is  divided  into  stories  by  well- 
developed  tabulae,  and  the  septa  are  rudimentary  or  absent.  This  group 
is  a  merely  provisional  one,  and  its  value  is  auite  uncertain.  Amongst  the 
recent  "Tabulate  corals,"  MilUpora  (fig.  $0)  has  been  shown  to  l«  pro- 
bably a  Hydrozoon  ;  Hdiopora^  as  we  shall  see,  has  been  proved  to  be  an 
Alcyonarian^  and  carries  with  it  a  number  of  extinct  forms ;  whilst  PocQ" 
lopora  has  been  shown  to  be  a  member  of  the  Aparose  section  of  the  Zotm- 
tharia  sclei'odermata.  There  remain,  however,  a  number  of  fossil  coralSi 
such  as  Favosites  (fig.  66)  and  its  allies,  Chatetes  and  its  allies,  Syrmgop&ra^ 
HalysiteSy  Thecia^  &c.,  which  cannot  at  present  be  positively  classed,  and 
which  may  be  temporarily  retained  as  constituting  a  **  Tabulate^'*  section  of 
the  Zoantharia  scUrodermata, 

4.  Tubulosa, — Corallum,  simple  or  compound,  the  thecse  trumpet-shaped, 
tubular  or  pyriform,  without  tabulse,  and  having  the  septa  indicated  by 
mere  strix  on  the  inner  surface  of  the  wall.  This  is,  like  the  JlaMaiOf  a 
provisional  group,  and  it  is  doubtful  if  it  can  be  retained  in  the  Zoantharia. 
It  includes  only  the  Palaeozoic  genera  AtUopora  and  Pyrgia, 


CHAPTER  XIV. 
ALCYONARIA, 


Order  IL  Alcyonaria. — The  second  great  division  of  living 
Actinozoa  is  that  of  the  Alcyonaria^  defined  by  the  possession 
of  polypes  with  eight  pinnately-fringed  tentacles^  the  mesenteries 
and  somatic  chambers  being  also  some  multiple  of  four.  The  cor- 
allum^ when  present^  is  usually  sclerobasic,  orspicular;  if^*theca* 
arepresetti,  as  is  rarely  the  case ^  septa  are  wanting  or  rudimentary. 

The  Alcyonaria  or  "Asteroid  Polypes"  differ  numerically 
from  the  Zoantharia  in  having  their  soft  parts  arranged  in 
multiples  oifour^  instead  oi  ftie  or  six^  as  in  the  latter,  whilst 
the  septa  are  not  in  pairs.  Their  tentacles,  too,  are  pinnate, 
and  are  not  simply  rounded.  Numerically,  the  Alcyonaria 
agree  with  the  extinct  order  Rugosa  ;  but  the  latter  invariably 
possess  a  well-developed  sclerodermic  corallum,  the  thecae  of 
which  exhibit  either  septa  or  tabulae,  or  both  combined. 

With  the  exception  of  two  genera  (Haimeia  and  Ifartea\ 
both  of  which  are  possibly  founded  upon  immature  forms,  the 
Alcyonaria  are  all  composite,  the  tubular  polypes  being  united 
by  a  coenosarc,  and  their  body-cavities  being  placed  in  com- 
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ion  by  means  of  anastomosing  canals,  which  ramify  in 
lOsarc,  and  permit  of  a  free  circulation  of  nutrient  fluids. 
m  of  the  colony  differs  greatly  in  different  cases,  but 
Msess  the  power  of  independent  locomotion,  most  being 
JO  foreign  objects,  or  sunk  in  the  mud,  whilst  some  float 
I  the  sea.     The  polypes,  in  most  of  the  essential  points 

organisation,  agree  with  those  of  the  Zoantharia,  the 
opening  into  a  tubular  stomach,  which  in  turn  com- 
tes  freely  with  the  body-cavity,  and  the  stomach-sac 
onnected  with  the  body-wall  by  means  of  a  series  of 

membranous  laminae  or  "  mesenteries.'*  The  mesen- 
lowever,  are  only  eight  in  number,  and  are  not  paired, 
the  tentacles  corresponding  with  and  opening  into  each 
senteric  chamber.  A  corallum  may  be  wanting,  and 
resent  its  structure  varies.  In  some  cases,  lastly,  it  has 
lown  that  the  actinosoma  normally  consists  of  two  kinds 
pes — one  sexual,  the  other  sexless  and  permanently 
Qtary.  The  Alcyonaria  are  divided  into  five  families — 
;  AlcyonidcRy  the  Tubiporidcs^  the  Pmnatulida^  the  Gor- 
and  the  Helioparida, 

ILY  I.  ALCVONiDiE. — This  family  is  characterised  by 
ssession  of  a  fixed  actinosoma,  which  is  provided  with  a 
rmic  corallum  in  tlu  form  of  calcareous  spicula  embedded 
issues.  The  spicules  are  mostly  fusiform  in  shape,  and 
lerally  present  both  in  the  polypes  themselves  and  in 
meeting  coenosarc ;  but  there  is  no  central  solid  axis. 
mium  may  be  taken  as  the  type  of  the  family,  and  it 
known  to  fishermen  under  the  name  of  "  Dead-men*s 
"  It  forms  spongy- looking,  orange-coloured  crusts  or 
masses,  which  are  attached  to  submarine  objects,  and 
vcred  with  little  stellate  apertures,  through  which  the 
B  polypes  can  be  protruded  and  retracted  at  will.  The 
\  communicate  with  one  another  by  an  anastomosing 
of  aquiferous  tubes,  and  the  corallum  is  in  the  form 
ciform,  calcareous  spicula  scattered  through  its  sub- 
In  the  allied  Sarcodictyon  the  actinosoma  is  creeping 
ear. 

"enia  the  colony  is  branched,  and  the  polypes  are  non- 
le;  and  in  Anthdia  and  Syntpodium  the  actinosoma 
e  form  of  a  membranous  crust  attached  to  foreign 
Lastly,  in  Sarcophyton  (as  showTi  by  Moseley)  the 
consists  of  reproductive  zooids,  which  have  generative 
and  tentacles,  and  of  sexless  zooids,  which  have  neither 
\  organs,  but  possess  a  mouth  and  stomach-sac 
LY  II.  TuBiPORiDiE, — In  the  Tubiporida,  or  "  organ- 
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pipe  corals,"  of  which  T.  musica  (fig.  69)  is  a  Eainiliar  examp' 
there  is  a  wdl-devdoped  scUrodermU  coraltum,  with  theca,  i 
without  septa.  The  corallum  is  composed  of  a  numba 
bright-red,  tubular,  cylindrical  thecse,  which  are  united  t(i{ 
ther  externally  by  horizontal  plates  or  floors,  which  appear 
be  formed  by  periodical  extensions  from  the  mouths  of  t 
tubes.  The  polypes  are  usually  bright  grecD  in  colour,  a; 
possess  eight  tentacles  each. 

As  shown  by  Prof.  Perceval  Wright,  the  tubes  of  T)Mpo 
are  in  reality  composed  of  fused  spicules;  and  the  polyp 


when  alarmed  retract  themselves  within  their  tubes,  the  upp 
portions  of  which  are  composed  of  loose  fusiform  spicules,  ai 
are  thus  capable  of  withdrawal  into  the  lower  dense  portion 
the  thecfe. 

Family  III.  Pf,nnatultd.«.  —  The  Pennatulida,  or  "Si 
pens,"  are  defined  by  their  free  habit,  and  by  the  possessi' 
of  a  selerobasic,  rod-itke  corallum,  iometimes  associated  with  sde. 
dermic  spicules. 

Pennatiila  (fig  70),  or  the  "  Cock'scomb,"  consists  of  a  ft 
coenosarc,  (he  upper  end  of  which  is  fringed  on  both  sid 
with  feather-like  lateral  pinnx,  which  bear  the  polypes;  whi 
its  proximal  end  is  smooth  and  fleshy,  and  is  probably  sunk 
the  mud  of  the  sea-bottom.  This  latter  portion  of  the  coer 
sarc  is  likewise  strengthened  by  a  long,  slender,  stylifoi 
sclerobasis,  resembling  a  rod  in  shape,  whilst  spicula  occ 
also  in  the  tentacles  and  ectoderm.  The  general  colour 
Pennatula  is  a  deep  reddish  purple,  the  proximal  extreni' 
of  the  ccenosarc  being  orange-yellow.      The  common  Briti 
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species  {PamaiuJa  phosphorea)  varies  from  two  to  four  inches 
in  length,  and  is  found  on  muddy  bottoms  in  tolerably  deep 


polypes  prolrudvd. 


nter.    Its  specific  name  is  denved  from  the  fact  that  it  phos- 
jAoresces  brilliantly  when  irritated. 

In  Virgularia  (fig.  72),  which,  like  Petmatula,  occurs  rot 
uncommonly  in  British  seas,  the  actinosoma  is  much  longer 
and  more  slender  than  in  the  preceding,  and  the  polype-bear- 
ii^  fringes  are  short.  The  polypes  have  eight  tentacles.  The 
sclerobasis  is  in  the  form  of  a  long  calcareous  rod,  like  a  knit- 
ting-needle, and  part  of  it  is  usually  naked.  No  spicula  are 
found  in  the  tissues  of  Virgularia.     In  the  nearly-allied  Favo- 

mria  the  polype-mass  is  quadrangular  in  shape. 
In  VereliUutn  (fig.   71),  the  upper  portion  of  the  colony  is 

short  and  club-shaped,  and  carries  the  polypes  all  round  its 

circumference,  and  the  same  is  the  case  in  Coph<^hmfion ; 

whilst  in  RatUla  the  polypes  are  unilateral,  and  the  poty- 

piferons  coenosarc  is  thin  and  reniform. 
In  many  of  the  Pennaitdida,  as  originally  shown  by  Kolliker, 
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the  actinosoma  consists  of  two  classes  of  zooids — the  one  com- 
posed of  sexually  mature  polypes,  the  other,  more  numerous, 
of  sexless  polypes — which  have  a  body- 
cavity  and  stomach,  but  have  neither 
mouth  nor  tentacles.  These  sexless  zooids 
may  be  distributed  promiscuously  over 
the  whole  3ict[aosoina.(VeretiUum,  Scc\,  Ot 
they  may  be  restricted  to  definite  regions 
{Pamatuia,  Virgu/aria).  AVhilst  many  of 
the  Pennatulidte  seem  to  live  hibitiul^ 
sunk  partially  in  the  mnd  of  die  KSr 
bottom,  others  are  found  freely  floatJng  in 
the  water,  and  their  mode  of  life  is  not 
completely  understood. 

Family  IV.  Gorgonida. — ^In  the  C«r- 

geaidii,  or  "  Sea-shrubs,"  there  is  an  attor- 

escciit  axnoiarc  permanmtly  rooted  omd  p»- 

™dii^ '"  '"  ''"'*     ^idid  with    a  grooved,  or  suleaU,  hrmidud 

iclerobasis,  associated  •with  true  tiisuesare- 

tions,  termed  "  dermosderilcs." 

The  sclerobasis  of  the  Gorgonida  varies  a  good  deal  in  its 
composition.  In  some  it  is  corneous,  and  these  have  often 
been  confounded  with  the  Antipathida,  amongst  the  Zean- 
tharia.  The  distinction,  however,  between  them  is  easy,  when 
it  is  remembered  that  the  polypes  in  the  Gorgonida  have 
tentacles  in  multiples  oifour,  whilst  in  the  Antipathida  they' 
are  in  sixes.  The  sclerobasis,  too,  in  the  former  is  always 
marked  by  grooves,  whereas  in  the  latter  it  is  always  either 
smooth  or  spiniilous.  In  Isis  (fig.  63,  b)  and  Mopsea  the 
sclerobasis  consists  of  alternate  calcareous  and  homy  seg- 
ments, branches  being  developed  in  the  former  from  the 
calcareous,  and  in  the  latter  from  the  homy  segments. 

In  Coraltium  rubiiim,  the  "red  coral"  of  commerce  {fig. 
73)1  the  sclerobasis  is  unarticulate,  or  unjoihred,  and  is  entirely 
calcareous.  It  is  the  most  familiar  member  of  the  family,  and 
is  largely  imported  for  ornamental  purposes.  Red  coral  con- 
sists of  a  branched,  densely  calcareous  sclerobasis,  which  is 
finely  grooved  upon  its  surface,  is  of  a  bright-red  colour,  and  is 
in  reality  com]>osed  of  fused  spicules.  The  corallum  is  in- 
vested by  a  ccenosarc,  also  of  a  red  colour,  which  is  studded 
by  the  ajjertures  for  the  polypes,  which  are  white,  and  possess 
eight  pinna tely-fringed  tentacles.  The  entire  ccenosaic  is 
channelled  ou^  by  a  number  of  anastomosing  canals,  which 
communicate  with  the  son^tic  cavities  of  the  polypes,  and  are 
said  to  be  in  diiect  communication  with  the  extenial  medium 
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by  means  of  numerous  perforations  in  their  walls.  The  entire 
™»1  sysiem  is  filled  with  a  nutrient  fluid,  containing  cor- 
puscles, aad  known  as  the  "  milk." 


RHJ-RhI  Coral  (C. 


1  In  the  typical  Gorgottia  the  sclerobasis  is  homy,  and  more 
■  w  less  arlxtrescent,  and  the  same  is  the  case  in  the  "  Fan 
Corals"  (RhipidogfTgia),  in  which  the  coralluni  has  the  form 
of  J  r^larly  reticulate  fan-shaped  expansion.  The  soft  tissues 
of  the  Gerspnida  are  abundantly  supplied  with  sclerodermic 
secretions  in  the  form  of  calcareous  spicules  of  very  various 
shapes,  and  often  of  very  brilliant  colours,  which  are  in  many 
Distances  of  such  characteristic  figures  that  they  can  be  em- 
ployed as  a  ground  of  generic  distinction.  These  spicules 
fsclcrites")  are  very  generally  buried  in  the  soft  tissues,  but 
they  may  project  beyond  the  surface  of  the  ccenosarc  in  such 
numbers  as  to  render  the  integument  rough  and  prickly. 

Family  V.  HELtoiKiRiD,e. — The  Alcyonarians  of  this  group 
possess  a  wdl-devtlopfd  sderodermU  corallum,  composed  of  tabii- 
late  tu^  ef  two  sites,  fhe  larger  ones  being  famished  with  rudi- 
mentary septa/  lamina. 

Thefamily.^ft/w/o'iflfehasbeenrecentlyfoundedbyMrMose- 
ley  for  the  reception  q% '^tXw'm^  Helitspora  aerulea  (fig.  74),  and 
of  a  number  of  extinct  conds  previously  placed  in  the  "Tabu- 
^''  section  of  the  ZoantMaria  seierodermata.     In  ffeliepora 
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the  corallum  is  composite  and  sclerodennic,  and  composed  o 
corallites  united  by  what  has  usually  been  regarded  as  i 
"  coeiienchyma."  The  corallites  are  tubuhir,  crossed  by  well 
developed  tabular,  and  having  their  walls  folded  in  such  i 


lKdeighldiiiiiKUn(aln!rMiHcley);  c,  f.  c  the  opening!  ("alicu"]<)f  the  conlliui 
HiTroundcd  by  Iho  unalLer  lubei  a  the  ccencnchynu. 

manner  as  to  give  rise  to  a  variable  number  (generally  twelve' 
of  septal  laminae.  The  ccenenchyma,  so-called,  is  comfwsec 
of  slender  tubes,  of  smaller  size  than  the  true  corallites,  packet 
closely  side  by  side,  crossed,  like  the  corallites,  by  regulai 
transverse  tabula;,  but  destitute  of  septa.  The  soft  part! 
occupy  only  the  parts  of  the  corallum  above  the  uppermosi 
tabulae,  and  therefore  only  a  surface -layer  of  the  colony  il 
actually  alive.  The  polypes  are  completely  retractile,  will 
eight  p innately' fringed  tentacles,  and  eight  mesenteries.  Tht 
mesenteries,  however,  have  no  correspondence  with  the  septa, 
which  are  twelve  in  number  as  a  rule.  The  septa  are  thus 
seen  to  be  pseudo-septa,  and  they  cannot  be  regarded  as  being 
homologous  with  the  septa  of  the  Zoanlharia  selerodermalt. 
The  so-called  ccenenchymal  tubes  are  occupied  by  sacs  lined 
by  the  endoderm,  which  are  closed  externally,  but  communicate 
freely  with  the  body-cavities  of  the  polypes  by  means  of  transverse 
canaJs ;  and  Mr  Moseley  suggests,  with  great  probability,  thai 
these  are  really  of  the  nature  of  rudimentary  sexless  polypes. 

Now  that  the  fact  is  established  that  the  living  Heliopora  '■& 
a  true  AUyonarian,  it  is  necessary  to  remove  to  this  order  ■ 
number  of  well-known  fossil  corals,  principally  Palfeozoic,  W 
which  HdiolUes  may  be  taken  as  the  type,  and  which  were  fiv 
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merfy  regarded  as  belonging  to  the  "  Tabulate  "  section  of  the 
'/MniAaria  tdtrodermala.  In  Heliolites  (fig.  75),  there  is  a 
veil  -  developed    sclerodermic  coratlum,  with  comparatively 


. — A,  SnuU  colony  of  HtHfililfi  mtgtulft 
KtBBB  oftlKlsificc  Drihcianic,  magnified,  iho 
i  the  oviKiHdiynul  tub«  (#) ;  C,  Vertical  Kctii 
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luge-sized,  tubular,  regularly  tabulate  corallites,  usually  possess- 
ing distinct  but  rudimentary  septa,  intermingled  with  a  copi- 
ODs  coenenchyma  formed  of  tabulate  geometric  tubuli,  much 
tmaller  than  ^e  corallites,  and  destitute  of  septa.  With  Helio- 
lita  must  be  placed  the  equally  extinct  Flasmepora,  Propora, 
Poljtftmads,  &c 


CHAPTER    XV. 

RUGOSA. 

Thb  members  of  this  order  agree  with  the  Zoantharia  scUro- 
itrmata  in  possessing  a  weU-devehfed  sdtrodermic  corallum, 
ntt  a  true  thtat,  but  generally  pessesting  both  tabula  and  septa 
vtAaied,  T^  J^o>  however,  are  generally  {though  apparently 
net  aiwajt)  somt  muSipie  of  four,  and  there  is  comnwniy  a  single 
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predominant  septum  (sometimes  three  sueh),  or  a  vacant  sp 
{JoKsiila)  representing  such  a  septum.  Some  of  the  Ritgpsa  : 
simple,  others  are  compound ;  bul  the  latter  are  destitute  o 
true  cuetienchyma.  The  mode  of  increase  in  the  compou 
forms  is  principally  by  calicular  gemmation,  ot  by  lit< 
budding. 

There  are  only  two  living  genera  of  corals  (viz.,  the  Guy- 
of  the  Mediterranean  and  the  Haplophyllia  of  Florida)  wh 
agree  with  the  Rugosa  in  the  tetrameral  arrangement  of  i 
septa  ;  and  it  is  doubtful  whether  we  are  justified  in  assert 
positively  on  this  ground  alone  that  these  genera  really 
Rugose  corals.  We  have,  therefore,  simply  to  consider  V' 
briefly  the  corallum  of  the  Rugose  corals,  which  alone  I 
been  preserved  to  us  in  a  fossil  condition.  In  its  most  ess 
lial  respects,  the  corallum  of  the  Rugosa  is  quite  identical  w 
that  of  the  typical  Zoantharia  sderodermala.  In  both  al 
the  coralhim  may  be  simple  or  compound ;  in  both  alike  i 
simple  form  of  corallum  (fig.  76)  consists  of  an  outer  wall 


Fig    76.— Morphologyof  111*  A'l.jcM,     A,  F 
»f  d  I  lit  •'  ins.ull  ■■  </)  ;  'u   llongiludinil  „ 
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"  theca,"  enclosing  a  central  space  or  "  visceral  chambt 
which  is  divided  into  compartments  by  a  series  of  radiat 
lamells  or  "septa;"  in  both  alike  the  structures  known 
"  dissepiments,"    "  tabulie,"   and    "  columella,"   may  be 
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vdoped  ;  and  in  both  alike  the  compound  corallum  may  be 
regarded  as  a  variously-formed  aggregate  of  "  corallites,"  simi- 
lar in  their  fundamental  structure  to  the  simple  corallum. 

On  the  other  hand,  the  corallum  of  the  Rugosa  exhibits  the 
following  more  striking  points  of  difference  as  compared  with 
that  of  the  Zoaniharia  sclerodermata : — (i)  The  septa  appear 
lobe  primitively  developed  in  four  systems,  instead  of  six  or 
five.  Sometimes  the  adult  corallum  (as  in  Staurid)  exhibits 
the  four  primitive  septa  in  a  pre-eminently  developed  condi- 
tion, but  this  is  not  commonly  the  case,  (a)  The  septa  are 
Tendered  more  or  less  irregular  in  their  arrangement  by  the 
presence  of  a  curious  vacant  space  (sometimes  three  or  four), 
»hich  is  known  as  the  "  fossula  "  (fig.  76,  B,  /),  and  which 
appears  to  take  the  place  of  one  of  the  primitive  four  septa, 
(j)  UTien  the  septa  are  well  developed,  they  generally  present 
themselves  in  the  adult  as  of  two  sizes  only,  a  larger  and  a 
smaller  (fig.  65,  B).  (4)  Tabula  are  usually  present,  in  con- 
junction with  the  septa.  (5)  The  compound  coralla  possess 
no  true  coenenchyma,  and  one  of  their  commonest  modes  of 
increase  is  by  means  of  "  calicular  gemmation." 

Recently  it  hM  been  shown  that  some  very  abnonnal  Rugose  corals  were 
provided  with  a  lid  or  opemilimi,  closing  the  mouth  of  the  calice.  In  the 
Eciuu  Cakala  (tSg.   78),  fomicrly  referied  to  the  Brachiofcda,  and  very 


atnndaiit  in  certain  parts  of  the  Devonian  System,  Ihe  operculum  consisted 
<i\  BRgle  valve  or  piece.  In  Gomefhyllum  four  valves  nere  present,  and 
in  Cythfhyltumi  prisiaalietim  there  were  lour  or  more  valves  in  iKe  opei- 
cbIbih.  It  ii  worthy  of  notice  that  some  recent  corals  (species  of  Primnea, 
Paramuriita,  and  others)  exhibit  also  a  more  or  less  complete  operculum. 
The  calicrs  of  Cryplehilia  pudUa  (one  of  the  Hydroid  group  of  the  Stylailtr- 
iir)  arc  alio  protected  by  a.  calcareous  lamina  in  front  of  eacli. 

According  to  Professor  Agassiz,  the  Jiugosa  and  the  Tabulate 
dtiision  of  the  ZoaniAatia  ought  not  to  be  considered  as  be- 
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longing  to  the  Adtnozoa^  but  should  be  placed  amongst  th« 
Hydrozoa,  This  radical  change  cannot,  however,  be  accepte< 
unless  upon  the  production  of  much  more  evidence  than  ha 
as  yet  been  brought  forward  in  its  favour.  One  strong  aigu 
ment  against  this  view  is  to  be  found  in  the  fact  that  the  typi 
cal  Rugose  corals  possess  well-developed  septa  —  structure 
which,  if  they  do  not  absolutely  imply  the  existence  of  fneseti 
terUs^  are,  at  any  rate,  unknown  in  any  living  Hydrozodfit  un 
less  Millepora  be  referred  to  this  class  (and  in  this  genus  onl; 
rudimentary  septa  are  present).  At  present  it  is  not  possibl 
to  speak  definitely  as  to  the  systematic  position  of  the  Rugose 
but  they  appear  to  form  a  natural  and  distinct  group,  intermc 
diate  in  many  respects  between  the  Zoantfiaria  and  th 
Alcyonaria, 

The  Rugosa  arc  divided  into  the  following  families  : — 

1.  STAURiDiC  :  Septa  well  developed,  extending  from  the  bottom  to  th 

top  of  the  visceral  chamber,  and  showing  a  conspicuous  quatenuur 
arrangement.  Dissepiments  are  present,  and  there  is  a  centn 
tabulate  area.  Genera — Stauria^  Poiycaiia,  Metriophyllum^  Hdi 
cystiSf  Coiiosmilia. 

2.  CYATHAXONiDiB  :  Corallum  simple,  with  a  deep  calice  ;  septa  we 

developed,  the  four  primary  septa  not  predominantly  developed ;  n 
dissepiments  or  tabular  Genera — Cyathaxoniay  Guynia^  Hapli 
phyllia, 

3.  Cyathophvllid.-e  :  Corallum  simple  or  compoimd  ;  septa  well  d< 

veloped,  but  not  so  completely  so  as  in  the  two  preceding  groups 
the  four  primitive  septa  not  pre-eminently  developed ;  tabulse  always 
and  dissepiments  generally,  present.  Genera — Zaphrentis,  AmpUx 
us,  Cyatkophyllumy  Heliophyllumf  Omphyma^  IMhosirotion^  Lffm 
daUia,  ClisiophyUum,  &c. 

4.  CVSTIPHYLLID^ :  Corallum  simple  or  rarely  compound ;  wall  com 

plete ;  septa  rudimentary  ;  visceral  chjfmber  with  small  conve; 
vesicles  formed  by  a  combination  of  tabulse  and  dissepiments 
sometimes  an  operculum.  Genera —  Cystiphyllum,  Gomopkyttum 
Rhizophyllumy  Calceola, 


CHAPTER     XVL 
CTENOPHORA, 


Order  IV.  Ctenophora. — The  CtenopJiora  comprise  "/m«. 
parenty   oceanic^  gelatinous  Actifwzoa,  svnmming  by   means  i 
^  ctawphores^  or  parallel  rou^s  of  cilia  disposed  in  comlhlike  plate 
No  corallum  "  (Greene). 
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The  raetnbeis  of  this  order  are  all  free-swimming  organisms, 
lod  they  are  placed  by  many  amongst  the  Hydrozoa,  from 
■hich,  however,  they  appear  to  be  clearly  separated  by  the 
possession  of  a  difTerentiated  digestive  sac,  as  well  as  by  their 
analt^es  with  the  Actinozoa,  and  their  generally  superior 
d^ree  of  oTganisation. 

J^airebrathia  (Cydi^,  fig.  79)  may  be  taken  as  the  type  of 


Fig.  w^-CttDophoia.    FltHn*rachla  filna, 

tlie  order,  the  structure  of  all  being  similar  to  this  in  essential 
points.  PUurobrachia  possesses  a  transparent,  colourless, 
gdaiinous,  melon-shaped  body,  or  "  actinosoma,"  in  which  the 
two  poles  of  the  sphere  are  termed  respectively  the  "oral"  and 
"apical,"  and  the  rest  of  the  body  constitutes  the  interpolar 
f^on.  At  the  oral  pole  is  the  transverse  mouth,  bounded 
by  lateral,  slightly  protuberant  margins,  "  Eight  meridional 
bands,  or  '  ctenophores '  bearing  the  comb-like  fringes,  or 
characteristic  organs  of  locomotion,  traverse  at  definite  in- 
tervals the  interpolar  region,  which  they  divide  into  an  equal 
Dumber  of  lune-like  lobes,  termed  the  'actinomeres; '  but 
this  divbion  of  the  body  does  not  extend  into  the  immediate 
vicinity  of  the  poles,  before  reaching  which  the  ctenophores 
gradually  diminish  in  diameter,  each  terminating  in  a  point" 
(Greene),  The  normal  number  of  the  ctenophores  is  eight 
(fcHir  or  twelve  in  some  other  forms),  and  each  consists  of 
a  band  of  surface  elevated  transversely  iny>  a  number  of 
ridges,  to  each  of  which  a  fringe  of  cilia  is  attached,  so  as  to 
ibmi  a  comb-like  plate.  The  cilia  in  the  middle  of  these 
paddle-like  transverse  ridges  are  the  longest,  and  they  gradually 
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diminish  in  length  towards  the  sides,  so  that  the  form  of  each 
comb  is  somewhat  crescentic.  Beside  the  comb-like  groups 
of  vibratile  cilia,  PUurobraehia  is  provided  with  two  very  long 
and  flexible  tentacular  processes,  which  are  fringed  on  one 
side  with  smaller  cirrhL  These  filamentous  processes  aiise 
each  from  a  sac,  situated  on  one  of  the  lateral  actincHnercs, 
within  which  they  can  be  completely  and  instantaneously  re- 
tracted at  the  will  of  the  animal. 

The  mouth  of  PUurobraehia  (fig.  So,  a)  opens  into  a 
fusiform,  digestive  sac,  or  stomach  (b),  the  lower  part  of  which 
is  provided  with  brown  cells,  supposed  to  discharge  the  func- 
tions of  a  liver.  The  stomach  opens  below  into  a  shorter  and 
wider  cavity  (c),  termed  the  "funnel,"  from  which  two  canals 
diverge  in  the  direction  of  the  vertical  axis  of  the  organism,  to 
open  at  the  "apical  pole."  These  canals  are  known  as  the 
"apical  canals"  (/),  and  their  apertures  as  the  "apical  pores.* 


Fie.  8fr — Morpholo^  of  CtciiDi^ora.  r.  Dijtpivmmaut:  imuverH  «cctioa  of /*/An^ 
braekia.  i  Dietiiivc  cavity:  // Primary  raduL  cAnaLi ;  jt  4  SeCDodary  radial  canals; 
t litmus  ntd'ia]  canak;  i-Vinlack. 


ac'notTSl."(S'c''«r 


s;/Ci« 


From  the  funnel  two  other  pairs  of  canals  are  given  off.  Of 
these,  one  pair — known  as  the  "paragastric  canals" — turns 
upwards,  one  running  parallel  to  the  digestive  sac  on  each  side 
{d),  and  "  terminating  ciecally  before  quite  reaching  the  oral 
extremity."  The  second  pair  of  canals  (j)  —  the  so«alled 
"radial  canals" — branch  off  from  the  funnel  laterally,  each 
dividing  into  two,  and  then  again  into  two,  as  they  proceed 
towards  the  periphery  of  the  body.  Thus  the  two  "  primary" 
radial  canals  produce  four  "  secondary  "  canals  (k),  and  these, 
in  turn,  give  rise  to  eight  "  tertiary  "  radial  canals  {/),  which 
finally  terminate  by  opening  "  at  right  angles  into  an  equal 
number  of  longitudinal  vessels,  the  'ctenophoral  canals  (J\ 
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whose  course  coincides  with  that  of  the  eight  locomotive 
bands.  These  canals  end  caecally  both  at  their  oral  and  apical 
extremities"  (Greene).  The  whole  of  this  complex  canal- 
system  is  lined  by  a  ciliated  endoderm,  and  a  constant  circula- 
tion of  the  included  nutrient  fluid  is  thus  maintained. 

Immediately  within  the  apical  pole  is  situated  a  small  cyst 
or  vesicle,  supposed  to  be  an  organ  of  sense,  and  termed  the 
"ctenocyst"  (A).  In  structure  the  "ctenocyst"  consists  of  a 
spherical  vesicle,  lined  with  a  ciliated  epithelium,  and  filled 
with  a  clear  fluid,  which  contains  mineral  particles,  probably 
of  carbonate  of  lime.  Just  beneath  the  ctenocyst  is  a  cellular 
mass,  which  has  been  described  as  giving  off  eight  filaments 
running  along  the  ctenophores.  and  is  generally  believed  to  be 
a  nervous  system.  Eimer  denies  that  the  central  ganglionic 
mass  is  nervous,  but  describes  a  plexiform  nervous  system. 
The  reproductive  organs  of  Pleurobrachia  are  in  the  form  of 
folds,  containing  either  ova  or  spermatozoa,  and  situated  be- 
neath the  endodermal  lining  of  the  ctenophoral  canals,  one  on 
each  side. 

The  embryo  Pleurobrachia  is  at  first  rudely  cylindrical  in 
form,  a  belt  of  cilia  passing  round  the  middle  of  its  body. 
This  soon  breaks  up  into  two  lateral  groups,  which  eventually 
disappear  altc^ether.  The  primitive  ctenophores  are  four  in 
rjuraber,  each  ultimately  breaking  up  into  two. 

As  regards  the  homologies  between  Actinia  and  Pleurobrachia^ 
the  following  may  be  quoted  from  Professor  Greene  : — 

"If  now  a  comparison  be  made  between  this  nutrient  system" 
(the  canal-system  of  the  Ctenophora)  "  and  that  of  Actinia,  the 
digestive  sacs  of  the  two  organisms  are  clearly  seen  to  corre- 
spond in  form,  in  relative  size,  and  mode  of  communication 
with  the  somatic   cavity.      The  funnel  and  apical   canals  of 
Pleurobrachia,  though  more   disrinctly  marked  out,  are   the 
homologues   of  those  parts  of  the  general  cavity,  which  in 
Actinia  are  central  in  pK>sition,  and  underlie  the  free  end  of  the 
digestive  sac.     So  also  the  paragastric  and  radial  canals  may 
be  likened  to  those  lateral  portions  of  the  somatic  cavity  of 
Actinia  which   are  not  included  between   the  mesenteries. 
Lastly,  the  ctendphoral  canals  of  Pleurobrachia  and  the  somatic 
chambers  of  Actinia  appear  to  be  truly  homologous,  the  chief 
difference  beween  the  two  forms  being,  that  while  in  the  latter 
the  body-chambers  are  wide  and  separated  by  very  thin  parti- 
tions, they  are  in  Pleurobrachia  reduced  to  the  condition  of 
tubes ;  the  mesenteries  which  intervene  becoming  very  thick 
and  gelatinous,  so  as  to  constitute,  indeed,  the  principal  bulk 
oi  the  body."     The  "  apical "  canals,  again,  by  which  the  di- 
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gestive  sac  communicates  inferiorly  with  the  external  medium, 
may  be  compiu-ed  with  the  perforation  which  is  found  in  some 
of  the  ActinidcR  {Cerianthus  and  Peachia)  traversing  the  axis  of 
the  base  or  foot 

The  remaining  members  of  the  Ctenophora  conform  in  most 
essential  respects  with  PUurobrachia^  the  most  important  dif- 
ferences being  found  in  the  canal-system.  For  purposes  of 
comparison  this  system  may  be  divided  into  four  portions  as 
follows: — I.  The  "axial  system,"  consisting  of  the  mouth, 
stomach,  funnel,  and  apical  canals.  2.  The  "  paraxial  system," 
comprising  the  paragastric  canals.  3.  The  "radial  system," 
comprising  the  primary,  secondary,  and  tertiary  radial  canals. 
4.  The  "  ctenophoral  system,"  consisting  of  the  tubes  which 
run  underneath  the  locomotive  bands. 

In  Beroe^  which  is  in  other  respects  very  similar  to  Pleuro- 
brachia^  the  axial  system  of  canals  is  the  same  as  we  have  seen 
in  the  latter.  The  paraxial  system,  however,  consists  of  two 
pairs  of  paragastric  canals,  which,  instead  of  terminating  caecally, 
open  into  a  circular  canal  which  surrounds  the  mouth.  The 
ctenophoral  canals,  likewise,  open  into  the  oral  vessel,  instead 
of  terminating  caecally  as  in  Pleurobrachia,  Lastly,  the  radial 
system  is  not  developed,  the  ctenophoral  canals  simply  curving 
round  towards  their  apical  extremities,  and  opening  into  the 
funnel  directly. 

Amongst  the  Beroida  the  mouth  extends  entirely  across  the 
oral  extremity  of  the  body;  hence  they  have  been  termed 
Eurystomata,  the  term  Stetwstomata  being  applied  collectively 
to  all  the  other  Ctmoptwra, 

The  Beroida  further  differ  from  Plturobrachia  in  being  desti- 
tute of  the  long  tentacular  appendages  so  characterisdc  of  the 
latter. 

In  Cestum,  or  "  Venus^s  Girdle,"  "  elongation  takes  place  to 
an  extraordinary  extent  at  right  angles  to  the  direction  of  the 
digestive  track,  a  flat,  ribbon-shaped  body,  three  or  four  feet  in 
length,  being  the  result" 

The  Cifnophora  may  be  divided  into  the  following  groups  :  — 

A.  EuRVSTOMATA. — Oral  aperture  large,  occupying  the  whole  of  the 

oral  extremity  of  the  body. 

1.  Beroida,     The  paragastric  canals  opening  into  a  circum>oral 

ring.     No  tentacles.     Ex.  Beroe,  fdyia, 

B.  Stenostomata, — Mouth  small  and  narrow. 

2.  Saccata.     No  circum-oral  canal ;  tentacles  two.     Ex.  FUuro* 

brachia,  Eschschoitzia^  Ilormiphora, 

3.  Lobatce,     Body  furnished  with  a  pair  of  wing-like  oral  exten- 

sions or  lobes.     Ex.  Bolina^  Alfumta^  Eucharis,  Lcsueur'a. 

4.  Taniata,     Body  ribbon-like ;   no  oral  lobes ;  two  tentacles. 

Ex.  Cesium. 
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CHAPTER    XVII. 

DISTRIBUTION   OF  ACTINOZOA, 

I.  Distribution  of  Actinozoa  in  Space.     2.  Coral-reefs. 
3.  Distribution  of  Actinozoa  in  Time. 

Distribution  of  Actinozoa  in  Space. — ^The  Zoantharia  mala- 
codermata  appear  to  have  an  almost  cosmopolitan  range,  Sea- 
anemones  being  found  on  almost  every  coast;   some  of  the 
tropical  forms  attaining  a  very  large  size.     Whilst  essentially 
littoral  and  shallow- water  forms,  a  few  of  the  members  of  this 
group  have  been  found  by  the  Challenger  Expedition  to  extend 
to  great  depths.     Thus,  Edtvardsia  has  been  found  at  600 
fathoms,  and  Ccrianthus  at  no  less  than  2750  fathoms.     A  few 
forais  also  (such  as  Arachnactis^  Ilyanthus^  and  Minyas)  are 
pelagic  in  habit,  and  live  in  the  open  ocean.    The  Antipathida 
are  principally  inhabitants  of  warm  seas ;  but  have  been  found 
off  the  coast  of  Greenland.     The  Alcyonida  are  principally  in- 
habitants of  shallow  water ;  but  the  Pennatulida  extend  their 
range  up  to  very  great  depths.     The  Gorgonidce  are  likewise 
mostly  shallow-water  forms,  and  they  attain  their  maximum  in 
the  seas  of  the  tropics.     The  Red  Coral  of  commerce  is  a 
Mediterranean  species,  and  occurs  principally  at  depths  of  from 
5  to  6  fathoms,  though  occurring  at  120  fathoms  or  more.   The 
Organ-pipe  Corals  (Tubipord)  are  confined  to  the  warm  seas  of 
the  "  coral-reef  region ; "  and  the  genus  Hdiopora^  the  only 
recent  representative  of  the  family  HelioporidcRy  is  confined  to 
the  Pacific  and  Indian  Oceans.    The  only  living  corals  referred 
to  the  Rugosa  are  Guynta,  which  is  found  in  the  Mediter- 
ranean, and  the  Haplophyllia  of  the  Florida  seas.     The  Ctaio- 
phora  are  pelagic,  free-swimming  forms,  and  appear  to   be 
cosmopolitan   in   their  distribution.     Lastly,  the  Zoantharia 
iderodermata    are    partly  inhabitants    of   deep    water,    and 
partly   shallow-water    forms;   and   the    latter,   as   commonly 
forming  "coral-reefs,"  are  so  important  as  to  demand  special 
consideration. 

The  so-called  "  reef-building  "  corals  have  their  distribution 
conditioned  by  the  mean  winter  temperature  of  the  sea,  a  tem- 
perature of  not  less  than  66**  being  necessary  for  their  existence. 
The  seas,  therefore,  which  possess  the  necessary  temperature 
may  be  said  to  be  all  comprised  within  a  distance  of  about 
1800  miles  of  the  equator  on  each  side.     Within  these  limits, 
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however,  apparently  owing  to  the  influence  of  arctic  currents, 
no  coral-reefs  are  found  on  the  western  coasts  of  America  and 
Africa.  They  are  found  chiefly  on  the  east  coast  of  Africa, 
the  shores  of  Madagascar,  the  Red  Sea  and  Persian  Gulf, 
throughout  the  Indian  Ocean  and  the  whole  of  Polynesia,  and 
around  the  West  Indian  Islands  and  the  coast  of  Florida. 
The  headquarters  of  the  reef-building  corals  may  be  said  to 
be  round  the  islands  and  continents  of  the  Pacific  Ocean.  A 
"coral-reef"  is  a  mass  of  coral,  sometimes  many  hundred 
miles  in  length,  and  it  may  be  two  thousand  feet  or  more 
in  thickness,  produced  by  the  combined  growth  of  different 
species  of  coralligenous  Actinozoa,  As  before  said,  a  mean 
winter  temperature  of  not  less  than  66°  is  necessary  for  their 
existence,  and  therefore  nothing  worthy  of  the  name  of  a 
"  coral-reef"  is  to  be  found  in  seas  so  far  removed  from  the 
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Fig.  8i.— Structure  of  coral-reefs,  i.  Fringing-reef;  2  Barrier-reef;  3.  Atoll,  rt  Sea- 
level  ;  h  Coral-reef;  c  Primitive  land ;  a  Portion  of  sea  within  the  reef,  forming  a 
channel  or  lagoon. 


equator  as  to  possess  a  lower  winter  temperature  than  the 
above. 

According  to  Darwin,  coral-reefs  may  be  divided  into  three 
principal  forms — viz.,  Fringing-reefs,  Barrier-reefs,  and  Atolls, 
distinguished  by  the  following  characters  : — 

I.  Fringing-reefs  (fig.  8i,  i). — These  are  reefs,  seldom  of 
great   size,  which  may  either   surround   islands,  or  skirt  the 
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shores  of  continents.  These  shore-reefs  have  no  channel  of 
any  great  depth  intervening  between  them  and  the  land,  and 
the  soundings  on  their  seaward  margin  indicate  that  they  re- 
pose upon  a  gently-sloping  surface. 

2.  Barrier-reefs  (fig.  81,  2). — These,  like  the  preceding,  may 
cither  encircle  islands,  or  may  skirt  continents.  They  are  dis- 
tinguished from  fringing-reefs  by  the  fact  that  they  occur  usu- 
ally at  a  much  greater  distance  from  land,  that  there  intervenes 
a  channel  of  deep  water  between  them  and  the  shore,  and  that 
soundings  taken  close  to  their  seaward  margin  indicate  enor- 
mous depths.  If  the  barrier-reef  surround  an  island,  it  is 
sometimes  called  an  "encircling  barrier-reef,"  and  it  consti- 
tutes with  its  island  what  is  called  a  "  lagoon  island." 

As  an  example  of  this  class  of  reefs  may  be  taken  the  great 
bamer-reef  on  the  N.E.  coast  of  Australia,  the  structure  of 
which  is  on  a  perfectly  colossal  scale.  This  reef  runs,  with  a 
few  breaches  in  its  continuity,  for  a  distance  of  more  than  a 
thousand  miles,  its  average  distance  from  the  shore  being 
between  twenty  and  thirty  miles,  and  the  depth  of  the  inner 
channel  being  from  ten  to  sixty  fathoms,  whilst  the  sea  outside 
is  "profoundly  deep"  (in  some  places  over  1800  feet). 

3.  Atolls  {^%.  81,  3)'. — These  are  oval  or  nearly  circular  reefs 
of  coral,  enclosing  a  central  expanse  of  water  or  lagoon.  They 
seldom  form  complete  rings,  the  reef  being  usually  breached 
by  one  or  more  openings,  which  are  always  situated  on  the  lee- 
^•ard  side,  or  on  that  side  which  is  most  completely  sheltered 
from  the  prevailing  winds.  In  their  structure  they  are  iden- 
tical with  "  encircling  barrier-reefs,"  and  differ  from  these  only 
in  the  fact  that  the  lagoon  which  they  enclose  does  not  contain 
an  island  in  its  centre. 

If  a  coral-reef  be  observed — say  a  portion  of  an  encircling 
barrier-reef — the  following  are  the  general  phenomena  which 
may  be  noticed.  The  general  shape  of  the  reef  is  triangular, 
presenting  a  steep  and  abrupt  wall  on  the  seaward  side,  and 
having  along  and  gentle  slope  towards  the  land.  The  outer 
margin  of  the  reef  is  expK>sed  to  the  beating  of  a  tremendous 
surf,  whilst  the  soundings  taken  just  outside  the  line  of 
breakers  always  indicate  great  depths.  The  longer  inner  slope 
is  washed  by  the  calm  waters  of  the  inner  lagoon  or  channel. 
The  reef  is  only  very  partially  composed  of  living  corals,  which 
are  found  to  occupy  a  mere  strip,  or  zone,  along  the  seaward 
maigin  of  the  reef,  whilst  all  above  this,  as  well  as  all  below, 
is  constituted  by  dead  coral,  or  "  coral-rock." 

As  to  the  method  in  which  such  a  reef  is  produced,  the  fol- 
bwing  feels  have  been  established : — 
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A.  The  coral-producing  polypes  cannot  exist  at  levels  higher 
than  extreme  low  water,  exposure  to  the  sun,  even  for  a  short 
period,  proving  rapidly  fatal.  It  follows  from  this  that  no 
coral-reef  can  be  raised  above  the  level  of  the  sea  by  the  efforts 
of  its  builders.  The  agency  whereby  reefs  are  raised  above  the 
surface  of  the  sea  is  the  denuding  power  of  the  breakers  which 
constantly  fall  upon  their  outer  margins.  These  detach  large 
masses  of  dead  coral,  and  heap  them  up  in  particular  places, 
until  an  island  is  gradually  produced.  The  fragments  thus 
accumulated  are  compacted  together  by  the  finer  detritus  of 
the  reef,  and  are  cemented  together  by  the  percolation  of  water 
holding  carbonate  of  lime  in  solution.  In  this  way  the  upper 
surface  of  the  reef,  along  a  line  of  greater  or  less  breaddi,  is 
more  or  less  completely  raised  above  the  level  of  high  water. 
It  is  obvious,  however,  that  the  reef  might  be  entirely 
destroyed  by  a  continuation  of  this  process — the  sea  being 
quite  competent  to  undo  what  it  had  done — ^unless  some 
counteracting  force  were  brought  into  play.  This  counteract- 
ing force  is  found  in  the  vital  activity  of  the  living  corals, 
which  form  the  seaward  margin  of  the  reef,  and  which,  by 
their  growth,  prevent  the  sea  from  always  destroying  the 
masses  of  sediment  which  it  may  have  thrown  up. 

B.  The  coral  -  producing  polypes  are  essentially  shallow- 
water  animals,  and  cannot  exist  at  depths  exceeding  some  15 
to  30  fathoms.  It  follows  from  this  that  no  coral-reef  can  be 
commenced  upon  a  sea-bottom  deeper  than  about  30  fathoms. 
The  question  now  arises — In  what  way  have  reefs  been  pro- 
duced, which,  as  we  have  seen,  rise  out  of  depths  of  300 
fathoms  or  more  ?  This  question  has  been  answered  by 
Darwin,  who  showed  that  the  production  of  barrier-reefs  and 
atolls  was  really  to  be  ascribed  to  a  gradual  subsidence  of  the 
foundations  upon  which  they  rest  Thus,  if  a  fringing-reef 
which  surrounds  an  island  is  supposed  gradually  to  sink  be- 
neath the  sea,  the  upward  growth  of  the  corals  will  neutralise 
the  downward  movement  of  the  land,  so  far,  at  any  rate,  that 
the  reef  will  appear  to  be  stationary,  whilst  it  is  really  growing 
upwards.  The  island,  however,  as  subsidence  goes  on,  will 
gradually  diminish  in  size,  and  a  channel  will  be  formed  be- 
tween it  and  the  reef.  If  the  depression  should  be  still  con- 
tinued, the  island  will  be  reduced  to  a  mere  peak  in  the  centre 
of  a  lagoon :  and  the  reef,  from  a  "  fringing-reef,"  will  have 
become  converted  into  an  "  encircling  barrier-reef."  As  the 
growth  of  the  reef  is  chiefly  vertical,  the  continued  depression 
will,  of  course,  have  produced  deep  water  all  round  the  reef. 
If  the  subsidence  be  continued  still  further,  the  central  peak 
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will  disappear  altogether,  and  the  reef  will  become  a  more  or 
less  complete  ring  surrounding  a  central  expanse  of  water; 
thus  becoming  converted  into  an  "atoll."    The  production, 
therefore,  of  encircling  barrier-reefs  and  atolls  is  thus  seen  to 
be  due  to  a  process  of  subsidence  of  the  sea-bottom.     The 
existence,  however,  of  fringing-reefs  is  only  possible  when  the 
land  is  either  slowly  rising,  or  is  stationary ;  and,  as  a  matter 
of  fact,  fringing-reefs  are  often  found  to  be  conjoined  with  up- 
raised strata  of  post-tertiary  age.   Atolls  and  encircling  barrier- 
reefs,  on  the  other  hand,  are  not  found  in  the  vicinity  of  active 
volcanoes — ^regions  where  geology  teaches  us  that  the  land  is 
either  stationary,  or  is  undergoing  slow  upheaval. 

C.  Different  portions  of  a  coral-reef  are  occupied  by  differ- 
ent kinds  of  comls.  According  to  Agassiz,  the  basement  of  a 
coral-reef  is  formed  by  a  zone  of  massive  Astraans,  These 
cannot  flourish  at  depths  of  less  than  six  fathoms  of  water, 
and  consequently  when  the  surface  of  the  reef  has  reached  this 
level,  the  Astraans  cease  to  grow.  Their  place  is  now  taken 
by  Meandrinas  (Brain-corals)  and  Paritcs ;  but  these,  too, 
cannot  extend  above  a  certain  level.  Finally,  the  summit  of 
the  reef  is  formed  by  an  aggregation  of  less  massive  corals, 
such  as  Madreporidct^  MilU^rida^  and  Gorgonidce. 

Distribution  op  Actinozoa  in  Time. — With  the  single  exception  of 
the  MoUusca,  no  division  of  the  animal  kingdom  contributes  such  import- 
ant and  numerous  indications  of  its  past  existence  as  the  Actinozoa, 

In  the  Palaeozoic  rocks  the  majority  of  corals  belong  to  the  division 
kugmay  these  seeming  to  have  filled  the  place  now  ttiken  by  the  scleroder« 
mic  Zcantharia.  Until  quite  recently  it  was  belived  that  all  the  Huj^osa 
were  Pabeozoic,  with  the  exception  of  the  genus  Holocystisy  represented  in 
the  Cretaceous  period  (Upper  Greensand)  by  the  single  species  H,  elegans. 
Recent  researches,  however,  have  brought  to  light  the  existence  in  our 
present  seas  of  at  least  two  genera  {Haplophyllia  and  Guynia),  which  belong 
to  the  Rugose  family  of  the  Cyathaxonida ;  and  certain  Tertiary  Rugose 
Coiab  {CoHosmiUa)  have  also  been  described  (Martin  Duncan).  Of  the 
£unilies  of  the  Rugosa^  the  CyaihophyllkUeBXid.  Cystiphyllida  are  exclusively 
Pibeozoic ;  the  Cyathaxonida  are  Palaeozoic,  but  are  represented  by  two  liv- 
ing genera  ;  and  the  Stauridazx^  represented  in  the  Silurian  rocks  {Staurid)^ 
I>e^^m]an  {Metriophyllum)^  Permian  (Poiyccelia)^  and  in  Tertiary  deposits 
(CoHosmiiia). 

The  Zoantharia  scUrodermata,  though  attaining  their  maximum  at  the 
present  day,  nevertheless  are  well  represented  in  past  time,  beginning  in 
the  Silnrian  period.  One  subdivision  of  this  group,  the  Tubtuosa,  is  en< 
tirdy  confined  to  the  Palaeozoic  rocks,  and  another,  the  Tabulata  (as  now 
restricted),  b  chiefly  Palaeozoic  The  Perforata  and  Aporosa^  on  the  other 
band,  are  more  abundant  in  the  Mesozoic  and  Kainozoic  epochs,  and  are 
only  slightly  represented  in  Palaeozoic  deposits. 

The  Zoanikaria  scUrobaHca  are  hardly  known  as  fossils,  but  the  Miocene 
dmiits  of  Kedmont  (Middle  Tertiary)  have  yielded  a  species  of  AnHfathts, 

The  2^oa$iihana  maiacodermaia^  from  the  sof^  nature  of  their  bodies,  are 
obrionsly  incajmMff  of  leaving  any  traces  of  their  existence  ;  though  we  are 
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by  no  means  therefore  justified  in  asserting  that  they  did  not  exbt  in  post 
geological  epochs. 

With  the  reference  of  the  Helioporida  to  the  Alcytmaria^  the  range  oJ 
this  order  has  been  enormously  increased  in  past  time.  Formerly,  no  ex- 
ample of  the  order  was  known  as  occurring  in  any  Palaeozoic  stratum,  tb< 
so-called  ProtavirgiUaria  of  the  Lower  Silurian  being  probably  a  GraptoUte. 
Now  we  know  of  various  abundantly  distributed  AUyonarian  corals  in  thi 
Palceozoic  rocks,  the  most  important  being  the  HeliolUes  of  the  Siluriat 
and  Devonian.  The  allied  genus  Polytremacis  is  Cretaceous.  Of  the 
Gorgonid<E  two  genera  (Mopsea  and  Wtbsterta)  are  found  in  the  Eocene ; 
and  the  genus  Coralliumy  doubtfully  quoted  from  the  Jurassic  and  Cretace 
ous,  is  found  in  the  Miocene,  which  has  likewise  yielded  examples  of  Air, 
Gorgonia,  &c.  The  PennatuUda  commence  in  the  Eocene,  with  Graph- 
ularia.  The  Tuhiporida  are  unknown  as  fossils,  and  the  Alcyonida  are 
not  known  to  occur  till  the  Pliocene  is  reached. 

The  Ctcnopfiora^  being  wholly  destitute  of  hard  structures,  are  not  known 
at  all  as  occurring  in  the  fossil  condition. 
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ANNULOIDA. 


CHAPTER  XVIII. 

I.  General  Characters  of  the  Annuloida.     2.  General 
Characters  of  the  Echinodermata. 

Sub-kingdom  III.  Annuloida  ( =  Echinozoa,  Allman). — ^This 
sub-kingdom  was  proposed  by  Professor  Huxley  for  the  recep- 
tion of  the  two  groups  of  the  Echinodermata  and  the  ScolMa^ 
of  which  the  former  belonged  to  the  old  sub-kingdom  Radiata^ 
whilst  the  latter  was  formerly  classed  with  the  Annulosa.    The 
same  sections  have  been  grouped  by  Professor  Allman  together, 
under  the  name  Echitiozoa ;  the  Roiiferay  however,  being  ex- 
cluded from  this  division  and  classed  with  the  Annulosa,    By 
others,  again,  the  Annuloida  are  looked  upon  as  a  section  of  the 
Annulosa^  and  not  as  a  distinct  sub-kingdom.     Provisionally, 
however,  it  seems  best  to  regard  the  Annuloida  as  one  of  the 
primary  divisions  of  the  animal  kingdom,  it  being  impossible, 
in  the  meanwhile,  to  frame  a  definition  common  to  it  and  to 
the  Annulosa,     The  name    Vermes  has  sometimes  been  em- 
ployed to  designate  the  sub-kingdom  Annuloida,  certain  classes 
being  sometimes  removed  elsewhere,  or  certain  others  being 
added.      In  its  most  modem  signification,  the  term   Vermes 
may  be  held  as  synonymous  with  Annuloida,  minus  the  Echino- 
dermata and  plus  the  whole  of  the  Anarthropodous  division  of 
the  Annulosa, 

The  Annuloida  are  distinguished  by  the  presetted  of  a  distinct 
neri'ONS  system,  and  the  possession  of  an  alimentary  canal  which  is 
entirely  shut  off  from  the  general  cavity  of  the  body,  A  peculiar 
system  of  canals,  usually  communicating  ivith  the  exterior,  and 
termed  the  *'^  water-vascular^^  or  "  aquiferous^^  system,  is  present 
in  all ;  and  a  tfue  vascular  apparatus  is  sometimes  presmt.  In 
none  is  the  body  of  the  adult  composed  of  definite  segments,  or 
provided  with  "  bilaterally  disposed  successive  pairs  of  appaidages!^ 

The  union  of  the  Echinodermata  with  the  Scolecida  in  a  sin^e 
sub  kingdom,  as  proposed  by  Huxley,  must  be  regarded  as  a 
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purely  provisional  arrangement.  Many  other  classifications 
hare  been  proposed,  each  with  some  obvious  advantages  and 
some  disadvantages.  In  some  ways  the  most  natural  arrange- 
ment would  be  to  establish  a  separate  sub-kingdom  for  the 
EddnadtrmaiOj  and  to  group  the  Scolecida  with  the  Anarthro- 
foda  under  the  name  of  Vermes ;  but  it  seems  impossible  to 
construct  a  definition  which  will  include  these  latter  groups, 
and  exclude  all  others.  In  the  confessedly  imperfect  state  of 
our  knowledge,  therefore,  it  will  be  as  well  to  retain  for  the 
present  the  sub-kingdom  Annuloida, 

The  Annuloida  are  divided  into  two  great  classes,  the  Echinch 
iermata  and  the  Scolecida, 

Class  I. — Echinodermata. 

^mpU  marine  organisms^  the  body  of  the  adult  more  or  less 
mspicuausly  radiate^  that  of  the  young  often  distinctly  bilateral 
An  alimaUary  canal^  with  or  without  a  distinct  anus^  but  never 
communicating  with  the  body-cavity.  The  water-vascular  {ambu- 
lacral)  system  often  sudserving  locomotion.  Nervous  system  radi- 
ate,  composed  of  an  oesophageal  ring  and  radiating  branches. 
Sexes  genercUly  distinct,  rarely  united. 

The  members  of  this  class  are  known  commonly  as  Sea- 
urchins,  Starfishes,  Britde-stars,  Feather-stars,  Sea-lilies,  Sea- 
cocumbers,  &c. ;  and  though  the  fully- grown  animal  often  ex- 
hitnts  distinct  traces  of  bilaterality,  this  is  usually  more  or  less 
completely  masked  by  the  general  radiate  arrangement  of  the 
parts  of  the  body.  On  the  other  hand,  the  embrjonic  Echino- 
derm  usually  shows  distinct  bilateral  symmetry.  The  outer  layer 
of  the  general  integument  (''perisome")  is  ciliated,  and  the  inner 
layer  is  more  or  less  hardened  by  the  deposition  of  carbonate 
of  lime  in  the  form  of  plates,  granules,  or  spicules.  In  all 
adult  Echmodcrms  there  is  a  system  of  tubes,  termed  the  '*'  am- 
bolacral  system,"  which  generally  subserves  locomotion,  and 
usually  communicates  with  the  exterior.  This  water-vascular 
system  surrounds  the  commencement  of  the  alimentary  canal, 
uid  in  almost  all  cases  gives  off  secondary  vessels  in  a  radiating 
manner.  An  alimentary  canal  is  always  present,  and  is  com- 
pletely shut  off  from  the  body-cavity.  A  vascular  (pseudo- 
haemal  ?)  system  is  generally  developed  in  addition  to  the  true 
N'ater-vesseb.  The  nervous  system  in  all  the  adult  Echino- 
^ms  is  a  ring-like  gangliated  cord,  which  surrounds  the  oeso- 
dhagos  and  sends  branches  parallel  to  the  radiating  ambulacral 
smals. 
The  process  of  development  is  sometimes  direct ;  but  in  the 
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typical  members  or  the  class  a  characteristic  fonn  of  n 
phosis  occurs.  The  impr^nated  ovum  gives  exitto  an  ovoid 
embryo  or  "  planula,"  freely  locomotive  by  means  of  cilia, 
which  are  at  first  diffused  over  the  body,  but  which  soon  be- 
come restricted  to  transverse  bands,  or  to  definite  ou^rowths 
of  the  body  ("  epaulettes  "),  which  are  disposed  with  bilateral 
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symmetry.  The  larva  or  "  pseudembryo  "  (fig.  8a)  next  de- 
velops an  alimentary  canal,  with  a  distinct  mouth  and  imus, 
dividing  the  embryonic  body  into  two  bilaterally  symmetrical 
halves.  A  mass  of  actively  formative  protoplasm  now  appeals 
on  one  side  of  the  stomach,  within  which  are  developed  t 
circular  and  radial  tubes,  the  whole  being  the  rudiment  of  the 
ambulacral  system  of  the  future  Echinodtrm.  A  symmetrical 
calcareous  skeleton,  not  converted  into  that  of  the  adult,  may 
be  developed  in  the  larva  (as  in  the  Echinoids  and  Ophin- 
roids),  or  it  may  be  wanting  (as  in  the  Asteroids  and  Holo- 
thuroids).  The  mass  of  protoplasm,  above  mentioned  as 
developed  on  one  side  of  the  stomach,  rapidly  increases  in 
size,  envelops  the  stomach,  which  it  appropriates,  and  is  ulti- 
mately converted  into  the  adult  Echinoderm;  the  remainder  of 
the  larva  being  absorbed  or  cast  off  as  useless. 

The  essential  peculiarity  of  the  development  of  the  typical 
Echinoderms,  as  above  summarised,  is  that  the  larva  p 
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provisional  organs,  which  may  be  ultimately  absorbed  or 
thrown  off,  but  which  are  not  converted  into  the  correspond- 
ing structures  of  the  adult.  Thus  the  larva  of  an  Echinoid 
(6g.  82)  possesses  a  mouth  and  alimentary  canal,  which  are 
not  converted  into,  and  in  no  way  correspond  with,  the  mouth 
and  alimentary  canal  of  the  adult.  The  larva,  or  "  pseud- 
embryo,"  as  it  is  termed  by  Sir  Wyville  Thomson,  leads  a 
perfectly  independent  existence,  and  the  true  Echinoderm  is 
developed  out  of  a  portion  only  of  its  substance. 

The  Echinodermata  are  divided  into  seven  orders — viz.,  the 
Crinoidfa^  CystoideUy  Blastoideay  Ophiuroidea^  Asteroidea,  Echi- 
^vndta,  and  Holothuroidea,  Of  these,  the  first  is  almost  extinct, 
and  the  two  next  are  entirely  so ;  they  are  really  the  lowest 
orders;  but  their  structure  will  be  better  understood  if  the 
^her  orders  are  considered  first. 


CHAPTER    XIX. 
ECHINOIDEA. 


Order  Echinoidea. — The  members  of  this  order — commonly 
known  as  Sea-urchins — are  characterised  by  the  possession  of 
a  iubglobosCy  discoidaly  or  depressed  body,  encased  in  a  ^^  test**  or 
Ml,  which  is  composed  of  numerous,  usually  immovably  con- 
neded,  ccUcareous  plates.  The  intestine  is  convoluted,  and  there 
is  a  distinct  anus.  The  sexes  are  distinct,  and  the  larva  is  plutei- 
form,  and  has  a  ccUcareous  skeleton.  As  regards  their  general 
anatomy,  the  "  test "  of  the  Echinoidea  is  composed  of  numer- 
ous calcareous  plates,  which  are  generally  firmly  united  to 
one  another  by  their  edges,  in  such  a  manner  that  the  body 
of  the  animal  is  enclosed  in  an  immovable  box.  In  the  sin- 
gular Urchins,  however,  which  constitute  the  family  Echi- 
nothurida^  the  plates  of  the  test  overlap  one  another  in  an 
imbricating  manner,  so  that  the  shell  becomes  quite  flexible ; 
and  the  same  is  the  case  with  some  of  the  Palaeozoic  Echinoids. 
In  all  living  Sea-urchins,  and  in  the  great  majority  of  the  ex- 
tinct forms,  the  test  is  composed  of  twenty  meridional  rows  of 
plates,  arranged  in  ten  alternating  zones  (fig.  83,  A),  which 
typically  pass  from  one  pole  of  the  shell  to  the  other,  and 
each  of  which  is  composed  of  two  similar  rows  of  plates.  Five 
of  these  double  rows  are  composed  of  large  plates,  which  are 
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not  perforated  by  any  apertures  (fig.  83,  A  and  B,  «) ; 
zones  formed  by  these  imperforate  plates  being  termed 
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"  inter- ambulacral  areas."  The  other  five  double  iO( 
plates  alternate  regularly  with  the  fonner,  and  are  tenne 
"ambulacral  areas,"  or  "poriferous  zones."  Each  of 
zones  (fig.  83,  A  and  B,  i)  is  composed  of  two  rows  of 
plates,  which  are  perforated  by  minute  apertures  for  the 
sion  of  the  "ambulacral  tubes,"  or  "tube-feet"  In  one 
group  of  the  Echinoids,  the  ambulacral  areas  pass  fror 
centre  of  the  base  of  the  shell  to  its  summit,  when  the 
said  to  be  "perfect"  {ambulatra  perfectd)  or  "simple." 
another  great  group  the  ambulacral  areas  are  not  thus 
tinuous  from  pole  to  pole,  but  simply  farm  a  kind  of  n 
upon  the  upper  surface  of  the  shell.    In  these  cases — as  1 
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common  Heart-urchins — the  ambulacral  zones  are  said  to 
be  "  dicumscript "  {amiulacra  ciriumscripta)  or  "petaloid" 
(Gg.  83,  D).  Growth  of  the  test  is  carried  on  by  additions 
nude  to  the  edge  of  each  individual  plate,  by  means  of  an 
organised  niembrane  which  passes  between  the  sutures,  where 
the  plates  come  into  contact  with  one  another.  The  plates 
of  the  test  are  studded  with  large  tubercles,  which  are  more 
numerous  on  the  inter-ainbulacrai  areas  than  on  the  ambu- 
laoal  (fig.  83,  B).     These  tubercles  carry  spines  (fig.  83,  E. 


Fig   »^—Cidaru fa/ilUta.    (After  Goik.) 

and  fig.  84),  used  defensively  and  in  locomotion,  which  are 
atticokted  to  their  apices  by  means  of  a  sort  of  "  universal " 
or «  ball-and-socket "  joint.  Occasionally  a  small  ligamentous 
hand  passes  between  the  head  of  the  tubercle  and  the  centre 
d  the  concave  articular  surface  of  the  spine,  thus  closely 
resembling  the  "round  ligament"  of  the  hip-joint  of  man. 
Besides  the  main  rows  of  plates  just  described,  forming  the 
lo-called  "  corona,"  other  calcareous  pieces  go  to  make  up  the 
test  of  an  Echinus.  The  mouth  is  surrounded  by  a  coriaceous 
peristomial  membrane,  which  contains  a  series  of  small  cal- 
careous pieces,  known  as  the  "  oral  plates ; "  whilst  a  corre- 
^ndiog  series  of  "anal  plates"  is  found  in  the  membrane 
(%  83,  C,  /)  surrounding  the  opposite  termination  of  the 
lUmcntary  caoaL  Surrounding  the  aperture  of  the  anus  at 
the  summit  of  the  test  is  the  "  apical  disc,"  composed  of  the 
localled  genital  and  ocular  plates  (fig.  83,  C).  The  "genital 
{dates"  are  five  large  plates  of  a  pent^onal  form,  each  of 
which  is  pcrfbiated  by  the  duct  of  an  ovary  or  testis.    One  of 
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the  genital  plates  is  larger  than  the  others,  and  supports  a 
spongy  tubercle,  perforated  by  many  minute  apertures,  like 
the  rose  of  a  watering-pot,  and  termed  the  "  madreporiform 
tubercle  "  (fig.  83,  C,  m).  In  some  cases,  this  tubercle  is  not 
connected  with  one  of  the  genital  plates,  but  is  placed  in  the 
centre  of  the  apical  disc  The  genital  plates  occupy  the 
summits  of  the  inter-ambulacral  areas.  Wedged  in  between  the 
genital  plates,  and  occupying  the  summits  of  the  ambulacral 
areas,  are  five  smaller,  heart-shaped,  or  pentagonal  plates, 
known  as  the  "  ocular  plates,"  each  being  perforated  by  a  pore 
for  the  reception  of  an  **  ocellus  "  or  "  eye." 

Besides  the  spines,  which  are  sometimes  of  a  very  great 
length,  the  test  bears  curious  little  appendages,  called  "  pedi- 
cellariae  "  (fig.  83,  F),  and  originally  supposed  to  be  parasitic. 
Each  of  these  consists  of  a  stem,  bearing  two  or  three,  some- 
times four,  blades  or  claws,  which  snap  together  and  close 
upon  foreign  objects  like  the  beak  of  a  bird.  Their  action 
appears  to  be  independent  of  the  will  of  the  animal,  and  their 
true  function  is  not  known;  but  they  may  be  regarded  as 
peculiarly  modified  spines.  One  function  performed  by  the 
pedicellariae,  in  some  species  at  any  rate,  is  the  removal  of 
excrementitious  particles  of  food.  Such  particles,  on  being 
ejected  from  the  vent,  are  seized  by  the  pedicellariae,  passed 
on  from  one  to  another,  and  ultimately  entirely  got  rid  of. 

In  almost  all  recent  Urchins,  the  test  also  carries,  as  shown 
by  Lov^n,  curious  stalked  appendages  with  button-like  heads, 
covered  with  cilia.  These  so-called  "  sphaeridia  "  are  supposed 
to  be  organs  of  sense — probably  of  taste. 

Locomotion  in  the  Echinoidea  is  effected  by  means  of  a 
singular  system  of  contractile  and  retractile  tubes,  which 
constitute  the  "ambulacral  tubes,"  or  "tube -feet,"  and  are 
connected  with  the  "  ambulacral  system  "  of  aquiferous  canals 
(fig.  85).  From  the  perforated  "  madreporiform  tubercle  "  on 
the  largest  of  the  genital  plates,  there  proceeds  a  membranous 
canal,  known  as  the  "stone**  or  "sand  canal"  (j),  whereby 
water  is  conveyed  from  the  exterior  to  a  circular  tube  (r)  sur- 
rounding the  oesophagus,  and  constituting  the  centre  of  the 
water-vascular  or  ambulacral  system.  The  function  of  the 
madreporiform  tubercle  (ni)  appears  to  be  that  of  permitting 
the  ingress  of  water  from  the  exterior,  but  of  excluding  any 
solid  particles  which  might  be  injurious;  and  as  its  area  is 
much  larger  than  that  of  the  stone-canal,  it  admits  sea-water 
not  only  to  the  ambulacral  vessels,  but  also  to  the  body-cavity. 
The  "circular  canal"  (r)  surrounding  the  gullet  is  situated 
between  the  nervous  and  blood-vascular  rings,  and  gives  off 
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inches — the  "  radiating  canals  " — which  proceed  radially 
the  "  ambuUcral  areas  "  in  the  interior  of  the  shell  (a,  a). 
I  course  they  give  off 
ma  short  lateral  tubes  . 

"tube-feet" — which  | 
luough  the  "ambulac- 
tres"  to  gain  the  ex- 

of  the  test,  and  tcr- 
e  in   suctorial   discs. 
es  the  radiating  am- 
ral   canals,    there   are  I 
saed  with  the  circular  I 

certain    vesicles    of  | 
Dwn  functions  (/,  /), 
n  as  the  "Polian  v 
'   {am^Utx    Poliana). 

Polian    vesicles 
[ally  present;  but  some  I 
I  are  wholly   without  | 
i  organs.     The  a 
I  tabes,   or   tube-feet, 
be  protruded    ; 
)f  the  animal  througli 
pores  which  perforate  I 
imbulacral    areas, 
W  again  retracted.     By  I 
IS  of  these  locomotion  | 
iKted,  the  tube-feet  he- 
capable  of  protrusion 

length  greater  than  ' 
of  the  longest  spines 
ebody.  The  mechan- 
>y  which  the  tube-feet 
notiuded  and  retract- 
I  as  follows:— Each        iciL'^-'i^pu''l«"'-'?i-).''^ X^ X" 

foot,  shortly    after    its  lidiofone  of  >he  radiating  huuIj. 

\  gives  rise  to  a  sec- 

ry  lateral  branch,  which  terminates  in  a  vesicle.  These 
ics  or  "  ampulla  "  (z/)  are  provided  with  circular  muscular 
1,  by  the  contraction  of  which  their  contained  fluid  is 
3  into  the  tube-feet,  which  are  thus  protruded.  Retrac- 
)f  the  ambulacral  tubes  is  effected  by  proper  muscubr 
(tf  their  own,  which  expel  a^ain  the  fluid  which  has  been 
1  into  them  by  the  vesicles.  The  walls  of  the  stoneK:anal 
rengthened  by  calcareous  deposits;  and  the  teiminations 


of  Echintts.     m  Madreporifbrr 


ilylht  baMsofiburDfthe 
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of  the  tube-feet  contain  in  many  forms  a  calcareous  rosette, 
often  with  a  calcareous  ring  below  it,  whilst  the  walls  of  the 
tube-feet  are  furnished  with  calcareous  spicules. 

The  total  area  over  which  the  tube-feet  can  be  protruded 
depends  upon  the  extent  to  which  the  "  ambulacral"  or  "  pori- 
ferous" zones  of  the  test  are  developed.  In  the  typical  or 
**  Regular "  Sea-urchins,  the  ambulacral  areas  are  *'  perfect," 
and  extend  from  pole  to  pole;  whereas  in  the  so-called 
"Irregular"  Urchins  (such  as  the  Heart-urchins  and  Cake- 
urchins),  they  are  "  interrupted,"  being  restricted  to  the  sum- 
mit of  the  test,  and  usually  being  broad  and  petaloid  (fig. 
83,  D). 

As  regards  the  digestive  sjrstem,  the  mouth  is  typically 
situated  in  the  centre  of  the  base ;  but  it  may  be  excentric ; 
and  in  one  singular  living  form  (Leskia)  it  is  protected  by 
valvular  calcareous  plates.  Some  forms  have  the  mouth  tooth- 
less, but  others  possess  a  complicated  masticating  apparatus. 
In  Echinus  this  consists  of  five  long,  calcareous,  rod-like  teeth, 
which  perforate  five  triangular  pyramids,  the  whole  forming  a 
singular  structure,  known  as  "Aristotle's  Lantern."  The 
mouth  conducts  by  a  pharynx  and  a  tortuous  oesophagus  to 
a  stomach,  opening  into  a  convoluted  intestine,  which  winds 
round  the  interior  of  the  shell,  and  terminates  in  a  distinct 
anus.  The  mouth  is  always  situated  at  the  base  of  the  test, 
and  may  be  central,  sub-central,  or  altogether  excentric  in 
position.  The  anus  varies  considerably  in  its  position,  being 
usually  situated  within  the  apical  disc,  and  surrounded  by 
the  genital  and  ocular  plates,  when  the  test  is  said  to  be 
"regular."  Sometimes,  however,  the  anal  aperture  is  with* 
out  the  apical  disc,  and  is  removed  to  some  distance  from 
the  genital  plates,  when  the  test  is  said  to  be  "irregular." 
In  this  last  case,  the  anus,  instead  of  being  apical,  is  marginal 
or  sub-marginal  The  convolutions  of  the  alimentary  canal 
are  attached  to  the  interior  of  the  test  by  a  delicate  mesentery; 
the  surface  of  which,  as  well  as  that  of  the  lining-membrane  of 
the  shell,  is  richly  ciliated,  and  subserves  the  piuposes  of 
respiration. 

The  proper  blood- vascular  system  (fig.  86,  2)  consists  of  a 
central,  fusiform,  contractile  vesicle,  or  heart  This  gives  off 
one  vessel,  which  forms  a  ring  round  the  intestine  near  the 
anus,  and  another  which  passes  downwards,  and  forms  a  drde 
round  the  gullet,  above  the  "  circular  canal"  of  the  ambulacral 
system.  From  the  anal  vessel  proceed  five  arterial  branches, 
which  run  along  the  ambulacral  spaces,  and  return  their  blood 
by  five  branches,  which  run  alongside  of  them  in  an  opposite 
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direction.     This  system  of  vessels  is  not  always  present,  and 
its  mie  nature  is  doubtful.    High  authorities  r^ard  it  as  rather 


compaiable  to  the  "pseudohamal  "  system  of  the  Annelides, 
ihan  to  the  blood-system  of  the  higher  animals. 

The  nervous  system  consists  of  a  ganglionated  circular  cord, 
which  surrounds  the  gullet  below,  or  superficial  to,  the  "  circular 
anal"  of  the  ambulacra!  system,  and  which  sends  five  branches 
along  the  ambulacral  spaces,  in  company  with  the  radiating 
ambulacral  canals. 

The  process  of  respiration  is  carried  on  partly  by  arborescent 
gill-like  organs  placed  round  the  mouth,  which  are  of  the 
EUture  of  greatly  developed  tube-feet,  and  which  are  not  uni- 
versally present ;  partly  by  the  tube-feet  and  their  secondary 
vesicles  in  general ;  and  partly  by  the  vascular  lining  of  the 
test  and  the  mesentery.  The  sea-water  is  admitted  to  the 
body-cavity  principally  through  the  "  madreporiform  tubercle," 
only  a  portion  of  the  area  of  this  being,  as  before  remarked, 
occupied  by  the  stone-canal. 

The  sexes  are  distinct  in  all  the  Eckinoidea,  and  the  repro- 
ductive organs  are  in  the  form  of  five  membranous  sacs,  which 
occupy  the  inter-ambulacra!  areas,  and  open  on  the  exterior  by 
means  of  the  apertures  in  the  genital  plates.  In  the  "  irregular" 
Echinoids  (such  as  the  "heart-urchins")  there  are  only  four 
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genital  glands,  and  therefore  only  four  genital  plates  in  tl 
apical  disc 

As  regards  their  development,  most  of  the  Echinoids  pa 
through  a  metamorphosis,  as  spoken  of  previously  in  treating 
the  development  of  the  class.  In  these  cases  the  larva  is  sou 
like  the  adult  animal  that  it  was  originally  described  as  a  distio 
animal  under  the  name  of  P/uteus,  from  its  resemblance  tc 
painter's  easel  (fig.  82).  The  larva  exhibits  bilateral  symmet 
and  is  furnished  with  provisional  organs  in  the  shape  of  ciliat 
epaulettes,  a  skeleton  of  calcareous  rods,  and  an  alimenta 
canal.  The  adult  Echinoid  is  developed  out  of  a  portion  of 
substance  only ;  and  the  rest  of  the  larva  is  absorbed  or  throi 
off.  In  some  Echinoids,  on  the  other  hand,  the  process 
development  is  direct,  and  there  is  no  "  Pluteus  "  stage,  t 
the  young  animal  is  produced  viviparously,  and  simply  requii 
to  grow  to  be  converted  into  the  adult.  Sir  Wyville  Thoms' 
has,  further,  shown  that  the  young  are  in  many  of  these  cas 
carried  by  the  mother  for  a  certain  period  of  time  in  a  kind 
nursery  or  marsupial  pouch,  formed  principally  by  spec 
arrangements  of  the  spines  covering  some  particular  portion 
the  test. 

The  typical  Sea-urchins  are  divided  into  the  two  great  grou 
of  the  "  Irregular"  and  "  Regular  "  Echinoids  (or  the  Echin. 
dea  exocyclica  and  Echinoidea  endocydica).  The  Irregular  Echi 
oids  have  the  anus  situated  outside  the  apical  disc,  margin 
or  sub-marginal  in  position,  and  have  only  four  genital  plat< 
They  are  also  mostly  destitute  of  a  masticatory  apparatus ;  ai 
are  generally  of  an  oblong,  pentagonal,  heart-shaped,  or  d 
coidal  figure  (as  in  the  common  "  Heart-urchins  "  and  "  Cai 
urchins ").  The  "  Regular "  Echinoids,  on  the  other  hao 
have  the  anus  placed  at  the  summit  of  the  test,  surrounded  1 
the  genital  disc;  the  test  is  almost  always  circular  or  spl: 
roidal ;  and  the  mouth  is  armed  with  a  complicated  mastic 
tory  apparatus. 

Another  singular  group  is  that  of  the  Echinothurida^  in  whi 
the  test  is  "  regular,"  but  the  plates  of  both  the  ambulacral  ai 
inter-ambulacral  areas  are  imbricated  and  overlap  one  anothi 
rendering  the  test  quite  flexible.  The  existing  genera,  Caha 
(or  Asthenosoma)  and  Phormosoma,  and  the  Cretaceous  gen 
Echinothuria,  belong  to  this  group. 

A  fourth  group  of  the  Echinoids  is  that  of  the  PmschoH^ 
nidce,  which  is  not  only  extinct,  but  is  wholly  confined  to  t 
Palaeozoic  period.  In  all  these  ancient  forms  there  is  the  pe< 
liarity  that  the  test  consists  of  ntore  than  twenty  roics  ofpiai 
there  being  a  multiplication  of  either  the  inter-ambulacral 
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the  ambulacral  plates,  though  there  are  still  only  five  inter-am- 
bulacral  and  five  ambulacral  areas.  Thus  in  Archceocidaris, 
hlachinus,  Lepidechinus^  and  Eocidaris^  the  ambulacral  areas 
agree  with  those  of  the  recent  Urchins  in  being  composed  of 
only  two  rows  of  plates  ;  whilst  there  are  from  three  to  eight 
or  more  rows  of  plates  in  each  intcr-ambulacral  area.  On 
the  other  hand,  in  Melonites  and  Oligoporus^  the  ambulacral 
areas  consist,  respectively,  of  ten  and  four  rows  of  plates.  In 
some  of  the  Perischoitchinida  the  plates  of  the  test  are  joined  by 
their  ^i^es^  as  in  the  common  living  Urchins ;  but  in  others 
(^^.,  LepuUchinus)  the  plates  overlap  in  an  imbricating  man- 
ner, as  in  the  recent  EchinothuridcSy  and  the  test  thus  becomes 
flexible. 


CHAPTER    XX. 

ASTEROIDEA    AND    OPHIUROIDEA. 

Order  Asteroidea  {SieUerida\ — This  order  comprises  the 
ordinary  star-fishes,  and  is  defined  by  the  following  characters : 
—The  body  (fig.  87)  w  star-shaped  or  pentagonal^  and  consists 
of  a  central  body  or  ^^disCy^  surrounded  by  five  or  more  lobes  or 
"  flrwx,"  which  radiate  from  the  body^  are  hollow^  and  contain 
prolongations  of  the  viscera.  The  body  is  not  enclosed  in  an 
immovable  box,  as  in  the  Echinoiden,  but  the  integument  {^^ peri- 
some^)  is  coriaceous^  and  is  strengthened  by  irregular  calcareous 
fiatesy  or  studded  by  calcareous  spines.  No  dental  apparatus  is 
fresent.  The  mouth  is  inferior ^  and  central  in  position  ;  the  anus 
either  cUfsent  or  dorsal.  The  ambulacral  tube-feet  are  protruded 
from  grooves  on  the  under  surfacee  of  the  rays.  The  larva  is 
vermiformy  and  has  no  pseudembryonic  skeleton. 

The  skeleton  of  the  Asteroidea  is  composed  of  a  vast  number 
of  small  calcareous  plates,  or  ossicula,  united  together  by  the 
coriaceous  perisome,  so  as  to  form  a  species  of  chain-armour. 
Besides  these,  the  integument  is  abundantly  supplied  with 
spines,  tubercles,  and  "  pedicellariae."  Lastly,  the  radiating 
ambulacral  vessels  run  underneath  a  species  of  internal  skele- 
ton, occupying  the  axis  of  each  arm,  and  composed  of  a  great 
nnmber  of  bilateral  "  vertebral  ossicles  "  or  calcareous  plates. 
which  are  movably  articulated  to  one  another,  and  are  provided 
with  special  muscles  by  which  they  can  be  brought  together  or 
drawn  apart.     The  upper  surface  of  a  star-fish  corresponds 
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to  the  combined  inter-ambulacral  areas  of  an  EeAhnu, 
exhibits  the  aperture  of  the  anus  (when  present),  tan 


Fig.  87.— The  Common  Star-fiih(fnirt(rn»^TM), '"''"nil  •"•!  ««*nlfniaii 

■' raadreporiform  tubercle,"  which  is  situated  near  the 
between  two  rays.  The  inferior  or  ventral  surface  corres; 
to  the  ambulacral  areas  of  an  Echinus,  and  exhibits  the  i 
and  ambulacral  grooves. 

The  mouth  is  central  in  position,  and  is  not  providet 
teeth;  it  leads,  by  a  short  gullet,  into  a  large  stomach, 
which  a  pair  of  sacculated  diverticula  are  prolonged  into 
ray.  A  distinct  intestine  and  anus  may,  or  may  not,  b 
sent;  but  the  anus  is  sometimes  wanting  (in  the  genera, . 
ptcten,  Ctmodisats,  and  Luidid). 

The  ambulacral  system  is  essentially  the  same  as  \ 
Echinoidea,  and  is  connected  with  the  exterior  by  means  1 
"  madreporiform  tubercle,"  or  "  nucleus,"  two,  three,  or 
of  these  being  occasionally  present  The  conical  or  cylin 
ambulacral  tube-feet  are  arranged  in  two  or  four  rows, 
grooves  in  the  under  suiiace  of  the  arms  (hg.  S8).   Each  1 
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lunl  groove  is  continued  along  the  lower  Surrace  of  one  of 
ix  anns,  tapering  gradually  towards  the  extremitj'  of  the 
latter.  The  floor  of  each 
groove  is  constituted  by  a 
doable  row  of  minute  cal- 
Mreous  pieces — the  "am- 
Matral  ossicles  "  ■ —  which 
ire  movably  articulated  to 
OM  mother  at  their  inner 
ends.  At  the  bottom  of  each 
groove  is  lodged  one  of  the 
nduiing  canals  of  the  water- 
i^anrlar  system  or  ambulac- 
nl  sfstem,  from  which  are 
pven  off  the  rows  of  suc- 
torial feet,  or  "  tube-feet" 


\  efxvfi,    a  Ambuliural  ot 
bubcral  j>IhLcs.  boundiPE  the 


")'  '!?=?"'■ 


« On]  iduo. 


II  IbUinrs  Tron  thii  that  the 
rajiauog  vessels  of  the  ambulacnl 
sjaem  are  mladt  the  chain  of 
Mbuhctil  ossicles,  50  that  these 
linv  aie  to  be  i^«rded  as  an  in- 
1"^  skeleton,  and  they  do  not  correspond  with  any  part  of  the  skeleton 
"f  Echinoids  *,— at  least  they  do  not  correspond  with  the  perforated  ambu- 
lunl  platn  of  the  Sea-urchins.  The  ambulacial  ossicles,  however,  of  the 
SlU'flshes  arc  of  locti  a  form  that  by  their  apposition  an  aperture  ix  pore 
"  formed  between  each  pair.  By  means  of  these  pores  (fig.  88,  a)  the 
Inbe-fcei  coromunicate  with  a  series  of  little  bladders  or  "ampullx,"  placed 
•iw  the  chain  of  ossicles.     These  perforations,  however,  do  not  corre- 

rd  with  the  perforated  plates  of  the  Echinoid  test,  and  the  tube.feet  of 
Star-fishei  pass  ttuough  do  "poriierons"  plates  on  their  way  to  the 


Tbism 


r  be  rendered  more  intelligible  by  examining  a 


moftheu 


il  ossicles  [a  a)  are  seen  in  the  centre  of  the 
bvet  nuface.  onitcd  along  the  middle  line  by  their  inner  extremities. 
They  ue  so  placed  as  to  form  a  kind  of  elongated  pent-house,  and  imme- 
iSucly  beneath  the  line  where  the  ossicles  of  one  side  arc  articulated  with 
tbose  of  the  other  side  is  placed  the  ambulacrul  vessel  [i).  Superficial  to 
ill.  again,  is  a  nerve-cord  ;  so  that  the  whole  chain  of  ambulacial  ossicles 
'a  \IUaA  in  the  midit  of  die  soft  parts  of  the  animal,  and  is  thus  clearly 
10  inletnal  tketelon.  At  their  outer  extremities  the  ambulacral  ossicles  are 
uticnlaled  In  the  intervention  of  the  "adambulacral  plates"  (fig.  SS,  i), 
•itb  {ilatea  belonging  to  the  external  or  integumentary  skeleton.  As  be- 
in  laid,  Ihe  shape  ix  the  ambvilacral  ossicles  is  such  that  a  pore  is  formed 
bjr  the  ».^ipaa^oa  of  each  pair  ;  and  by  these  apertures  each  tube-foot  com- 
nnkatei  with  a  vesicle  placed  internal  to  the  chain  of  oiucles.     It  will 
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be  teen,  howenr,  that  the  tabe-feet  ^ndicited  hj  tbe  doited  liDCt  in  Ae 
figure)  do  not  pus  thnnigfa  tbeie  apertnie^  oi  tbnni^  an^  other  Ppio  *C 
the  ikeleton,  on  their  wajr  to  the  mrface.  The  "ponferoni  nwa  <tf  the 
Sei-urchiiu  oie  part  of  the  external  skeleton,  and  are  not  rapnMJted  in 
Ihc  Star-liihes.  On  the  other  hand,  the  integionentai;  tkeleton  in  lh« 
Slai-liiho  ii  absent  along  ihe  ambuUcral  areas,  or  along  the  wtai  uuufiwl 
by  the  anbalacral  groom. 


The  blood-vascular  system  consists,  as  in  the  Eciinut,  of 
two  circular  vessels,  one  round  the  intestine,  and  one  round 
the  gullet,  with  a  dilated  tube,  or  heart,  intervening  betwoo 
them.  There  are  no  distinct  respiratory  organs,  but  the  sur- 
faces of  the  viscera  are  abundantly  supplied  with  cilia,  and 
doubtless  subserve  respiration;  the  sea-water  being  freely 
admitted  into  the  general  body-cavity  by  means  of  numercni 
contractile  ciliated  tubes,  which  project  from  the  dorsal  sur&ce 
of  the  body, 

The  nervous  system  consists  of  a  gangliated  cord,  sumxuui- 
ing  the  mouth  and  sending  filaments  to  each  of  the  nys.  At 
the  extremity  of  each  ray  is  a  pigment  spot,  correspoDdiiig  to 
one  of  the  ocelh  of  an  Echinus,  and,  like  it,  supposed  tobc' 
rudimentary  organ  of  vision.  The  eyes  are  often  sunouoda) 
by  circles  of  movable  spines,  called  "  eyelids." 

The  generative  organs  are  in  the  form  of  ramified  tubH 
arranged  in  pairs  in  each  lay,  and  emitting  their  products 
either  into  the  surrounding  medium,  by  means  of  efferent  duct* 
which  open  round  the  mouth,  or  into  the  general  body-cavity, 
by  dehiscence,  the  external  medium  in  this  latter  case  bd^ 
ultimately  reached  through  the  respiratory  tubes.  In  thflf 
development,  the  Asteroidea  show  the  same  general  phenomenl 
as  are  characteristic  of  the  class ;  but  the  larvae  are  not  piO" 
vided  with  any  continuous  endoskeleton.  In  some  AstenUs 
the  larval  forms  have  side-lappets,  and  have  been  descn'bed 
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under  the  name  oi  Bipinnaria  ;  and  in  these,  as  in  the  Pluteus 
of  the  Echinoids,  a  large  portion  of  the  larva  is  cast  off  as  use- 
less. In  Bipinnaria  asterigera  (Sars)  the  digestive  cavity  is  a 
simple  sac  which  sends  no  prolongations  into  the  rays,  and  the 
mouth  is  inter-radial,  instead  of  being  placed  in  the  centre  of 
the  ambulacral  system.  The  mouth  of  the  adult  is  at  this 
stage  closed  by  the  soft  external  skin  of  the  larva.  In  other 
Asteroids  the  larvae  have  three  anterior  vermiform  processes, 
and  are  known  as  Brachiolaria. 

The  general  shape  of  the  body  varies  a  good  deal  in  different 
members  of  the  order.  In  the  common  star-fish  {Uraster 
I'uhu)  the  disc  is  small,  and  is  furnished  with  long,  finger-like 
rays,  usually  five  in  number  (fig.  87).  In  the  Cribella  the 
general  shape  of  the  body  is  very  much  the  same.  In  the 
Soksters  the  disc  is  large  and  well  marked,  and  the  rays  are 
from  twelve  to  fifteen  in  number,  and  are  narrow  and  short 
(about  half  the  length  of  the  diameter  of  the  body).  In  the 
Gmasters  (fig.  %%)  the  body  is  in  the  form  of  a  pentagonal 
disc,  flattened  on  both  sides ;  the  true  "  disc  "  and  rays  being 
only  visible  on  the  under  surface  of  the  body.  In  the  singular 
genus  Brisinga^  we  have  in  some  respects  a  transitional  form 
between  the  Asteroids  and  Ophiuroids,  the  arms  being  much 
longer  and  more  slender  than  is  the  case  in  the  typical  Aster- 
oids^ at  the  same  time  that  they  are  much  thicker  and  softer 
than  is  the  case  amongst  the  latter.  In  none  of  the  true  star- 
fahes^  however,  are  the  arms  ever  sharply  separated  from  the 
disc,  as  in  the  OphiuroideUy  but  they  are  always  an  immediate 
continuation  of  it. 

The  principal  groups  of  Asteroidta  are  the  following  : — 
Family  I.  Astenada  or  Asterocantkiida, — Four  rows  of  ambulacral 

feet. 
Fam.  2.  AsiropectimeUr, — Two  rows  of  ambulacral  feet ;  back  flattish, 

netted  with  tubercles,   which   carry  radiating   spines  at  the  tip 

("paxillae"). 
Fam,  3.   Oreastrida, — Two  rows  of  ambulacral  feet ;  skin  granular, 

pierced  by  minute  pores. 
Fam.  4.  Asterinida. — Two  rows  of  ambulacral  feet ;  body  discoidal 

or  pyramidal,  sharp-edged ;  skeleton  of  imbricate  plates ;   dorsal 

wart  single,  rarely  double. 
Fam,  5.  Brisingida. — Arms  long  and   rounded,  sharply  marked  off 

from  the  disc.     Ambulacral  grooves  not  reaching  the  mouth  ;  two 

rows  of  ambulacral  feet. 

Order  Ophiuroidea. — Body  stellate^  consisting  of  a  central 
**&r,"  in  which  the  viscera  are  contained,  and  of  elongated 
^(trms,^  which  are  sharply  separated  from  the  disc,  solid,  not  contain- 
^ prolongations  of  the  viscera,  and  not  furnished  inferiorly  with 
^'''indacralgroeves.     Larva  generally  pluteiform,  with  a  skeleton. 
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This  order  comprises  the  small  but  familiar  group  of  th 
*^  Brittle-stars  "  and  "  Sand-stars,"  often  considered  as  bcl<»i{ 
ing  to  the  Astavidea^  to  which  they  are  nearly  aUied.  Th 
body  in  the  Ophiuroidea  (fig.  90)  is  discoidal,  and  is  cohere 
vAth  granules,  spines,  or  scales,  but  pedicellariae  are  wanting 
From  the  body — which  contains  all  the  viscera — ^proceed  Ion 
slender  arms,  which  may  be  simple  or  branched,  but  which  d 
not  contain  any  prolongations  from  the  stomach,  nor  han 
their  under  surface  excavated  into  ambulacral  grooves.  Tb 
arms,  in  fact,  are  not  simple  prolongations  of  the  body,  as  i 
the  Asieroidea,  but  are  special  appendages,  superadded  k 
locomotive  and  prehensile  purposes.  Each  arm  is  enclose 
by  four  rows  of  calcareous  plates,  one  on  the  dorsal  sur&o 
one  on  the  ventral  surface,  and  two  lateral  The  lateral  plati 
generally  carry  more  or  less  well-developed  spines.  In  tli 
centre  of  each  arm  is  a  chain  of  quadrate  ossicles,  forming 
central  axis,  and  between  this  axis  and  the  row  of  ventral  plaU 
is  placed  the  ambulacral  vessel  Each  ossicle  of  the  centn 
chain  is  composed  of  two  symmetrical  halves,  but  these  ai 
immovably  articulated  together,  and  are  not  movable  upon  on 
another,  as  in  the  Asteroids,  The  mouth  is  situated  in  th 
centre  of  the  inferior  surface  of  the  body,  is  provided  with 
masticatory  apparatus,  and  is  surrounded  by  tentacles.  1 
opens  directly  into  a  sac-like  ciliated  stomach,  which  is  not  coi 
tinued  into  an  intestine,  the  mouth  serving  as  an  anal  apertun 
The  stomach  is  destitute  of  lateral  diverticula.  The  repn 
ductive  organs  are  situated  near  the  bases  of  the  arms,  an 
open  by  orifices  on  the  ventral  surface  of  the  body  or  in  th 
interbrachial  areas,* 

The  ambulacral  system  is  constructed  upon  the  same  pla 
as  in  the  Echinoids  and  Asteroids ;  but  its  place  as  a  loa 
motive  apparatus  is  taken  by  the  arms.  The  radial  vesse 
of  the  ambulacral  system  are  not  provided  with  secondai 
vesicles  or  "ampullae,"  as  they  are  in  the  Echtnoidea  an 
Asteroidea^  and  the  lateral  "  feet "  which  they  give  off  have  b 
terminal  suckers.  The  madreporiform  tubercle  is  placed  c 
the  inferior  surface  of  the  body,  and  is  often  partially  concealc 
by  one  of  the  plates  surrounding  the  mouth. 

Respiration  is  carried  on  by  the  lining  of  the  body-cavit 
and  by  a  circlet  of  modified  tube-feet  or  tentacles  placed  rour 
the  mouth.  The  sea-water  is  admitted  to  the  body-cavity  1 
means  of  the  genital  fissures. 

*  Spontaneous  fission  has  been  observed  by  Liitken  and  Kowmlews 
to  take  place  in  some  Ophiuroids,  as  also  occasionally  in  some  of  t 
Asteroids. 
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The  development  of  the  Ophiuroids  is  sometimes  direct, 
the  young  being  brought  forth  alive,  and,  in  some  cases,  being 
carried  by  the  mother  for  some  period  after  hatching  (VVyville 
Thomson).  More  commonly  there  is  a  pluteiform  embryo, 
which  resembles  that  of  the  Echinoids  in  having  a  continuous 
cndoskeleton. 


Fig.  90. — Ophiufoidea.     a  Oph'tura  iexinrata,  the  common  Sand-star ; 
b  Ophicoma  ntglecia,  the  grey  nrillle-star.     (After  Forbes.) 

In  Euryale  the  body  is  in  the  form  of  a  sub-globose  disc 
with  five  obtuse  angles,  and  the  arms  are  prehensile.  In 
AxUrophyton^  the  Medusa-head  star,  the  arms  are  divided  from 
the  base,  first  dichotomously,  and  then  into  many  branches. 
In  Ophiura^  the  sand-star,  the  arms  serve  for  reptation  (creep- 
ing), and  are  undivided,  often  exceeding  the  diameter  of  the 
di^  many  times  in  length. 

The  order  Ophiuroidea  may  be  divided  into  two  families,  as 
foDows  :-r- 

Family  i.  EuryaHda. 

Anns  branched  ;  genital  fissures  ten  in  number. 
fam,  2,  OpkiuruUr, 

Arms  simple  ;  genital  fissures  mostly  five  in  number. 
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CHAPTER  XXL 

CRINOIDEA,  CYSTOIDEA,  AND  BLASTOIDEA. 

Order  Crinoidea. — The  members  of  this  order  are  Edm 
dermata^  in  which  the  body  is  fixed,  during  the  whole  or  aforti 
of  the  existence  of  the  animal,  to  the  sea-bottom  by  means  oj 
longer  or  shorter,  jointed,  and  flexible  stalk.  The  body  is  d 
tinct,  composed  of  articulated  calcareous  plates,  bursifonn, 
cup-shaped,  and  provided  with  solid  arms,  which  are  typica 
from  five  to  ten  in  number,  are  independent  of  the  visoe 
cavity,  and  are  grooved  on  their  upper  surfaces  for  the  ami 
lacra.  (The  position  of  the  body  being  reversed,  the  i^ 
surface  is  ventral ;  whilst  the  dorsal  surface  is  inferior^  a 
gives  origin  to  the  pedicle.)  The  tubular  processes,  howev 
which  are  given  off  from  the  radiating  ambulacra!  canals  of  t 
Crinoidea,  unlike  those  of  the  Echinoidea  and  Asteroidea^  s 
not  used  in  locomotion,  but  have  probably  a  respiratory  fui 
tion.  The  mouth  is  central,  and  looks  upwards,  an  anal  ap 
ture  being  sometimes  present,  sometimes  absent.  The  ovar 
are  situated  beneath  the  skin  in  the  grooves  on  the  vent 
surfaces  of  the  arms  or  pinnules,  as  are  also  the  ambulacra! 
respiratory  tubes.  The  arms  are  furnished  with  numero 
lateral  branches  or  "pinnulje."  The  embryo  is  "free  a: 
ciliated,  and  develops  within  itself  a  second  larval  form,  whi 
becomes  fixed  by  a  peduncle  "  (Huxley). 

If  we  take  such  a  living  Crinoid  as  Rhizocrinus  (fig.  91), ' 
shall  be  able  to  arrive  at  a  comprehension  of  the  leading  d 
racters  of  this  order.  Rhizocrinus  is  one  of  those  Crinoi 
which  is  permanently  rooted  to  some  foreign  object  by  t 
base  of  a  stalk  which  is  composed  of  a  number  of  calcareo 
pieces  or  articulations.  In  some  cases  (as  in  Apiocrinus)  t 
base  of  the  stem  or  "  column  "  is  considerably  expanded, 
other  cases  the  column  is  simply  "  rooted  by  a  whorl  of  t 
minal  cirri  in  soft  mud "  (Wyville  Thomson).  The  joints 
the  column  are  movably  articulated  to  one  another,  the  joii 
surfaces  often  having  a  very  elaborate  structure,  so  tliat  t 
entire  stem  possesses  in  the  living  state  a  greater  or  less 
amount  of  flexibility.  li^ch  joint  is  perforated  centrally  bj 
canal,  which  is  very  inappropriately  termed  the  "aliments 
canal,"  but  which  in  truth  has  nothing  to  do  with  the  digest 
system  of  the  animal.  At  the  summit  of  the  stem  is  plac 
the  body,  which  is  termed  the  "  calyx,"  and  which  is  usua 
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r  less  cup^faaped,  pyrifonn,  bursiform,  or  discoidal. 
in  exhibits  two  surfaces,  a  doisal  and  a  ventral,  of 
Uk  dorsal  is  com- 
iriio%or  in  part,  of 
mis  plates  aniculated 
t  margins,  whilst  the 
is  composed  of  a 
r  less  leathery  integu- 
ttrengthened  by  the 
ion  in  it  of  numerous 
dates  of  carbonate  of 
The  ventral  surface 
I  the  aperture  of  the 
which  niaybesubcen- 
naybe  veiyexcentric, 
lien  in  many  extinct 
it  wholly  concealed 
ew.  The  ventral  sur- 
10  exhibits  the  apcr- 
r  the  anus,  which  is 
jdaced  excentrically 
of  the  spaces  between 
OS,  and  which  is  often 
at  the  end  of  a  longer 
ter  tubular  eminence 
cess,  which  is  called 
roboscis."  Owing  to 
mal  being  supported 
alk,  it  is  evident  that 
ventral  "  surface  is 
upwards,  and  the 
I  "surface  downwards. 
Inmn  springs  from  the 
of  the  dorsal  surface ; 
stalked  Crinoid  may 
re  be  compared  to  pj^  _ 
-fish  turned  upside  »  ii"iii 
with  its  lower  or  am-  /cMmi' 
J    surface    superior, 

dorsal  surface  looking  downwards.    The  calyx  c< 
{cstive  canal,  and  the  central  portions  of  the  i 
iter-vascular  (ambulacral)  system;  but  it  does  not  con- 
le  Tepioductive  organs,  as  is  the  case  with  the  visceral 
of  the  other  Echinoderms. 
n  the  maijpns  of  the  calyx,  where  the  dorsal  and  vential 
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surfaces  join  one  another,  arise  a  series  of  longer  or  Ehorter 
flexible  processes,  which  are  composed  of  a  great  Dumber  of 
small  calcareous  articulations,  and  which  are  termed  the  "arms' 
(fig.  93).  The  arms  are  usually  primarily  five  in  number,  but 
they  generally  divide  almost  immediately 
into  two  branches,  each  of  which  maj 
again  subdivide;  the  branches  thus  pro- 
duced perhaps  again  dividing,  until  1 
crown  of  delicate  graccfiil  filaments  is 
formed.  The  arms  carry  smaller  lateril 
branches  or  "pinnulse"  on  both  udei; 
and  they  are  not  hollow  like  the  anal  cf 
the  Star-fishes,  nor  do  they  contain  anjr 
prolongations  of  the  stomach.  The  npfWr 
surface  of  the  arms  and  pinnule  is  covered 
with  a  soft  membrane,  and  below  ttus  an 
placed  the  reproductive  organs.  The 
generative  organs  are  therefore  not  placed 
within  the  calyx,  and  it  follows  of  neces- 
sity that  there  is  no  generative  opening  or 
"ovarian  ajjerture"  in  the  walls  of  the 
calyx.  The  ventral  surfaces  of  the  arras 
and  pinnulce  are  furnished  with  grooves, 

nuia:."  ° '""      whicfi  in  the  living  species  are  seen  to  be 

covered  with  vibratile  cilia.  The  bracliial 
grooves  coalesce  till  they  constitute  five  primary  grooves,  which 
are  continued  from  the  bases  of  tlie  arms  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant  current  of  sea-water, 
bearing  organic  mutter  in  suspension ;  and  this  current  proceeds 
from  the  brachial  grooves  to  the  mouth.  In  this  way  the  ani- 
mal obtains  its  food.  As  the  bases  of  the  arms  are  separated 
from  the  moutli  by  an  intervening  space,  it  follows  that  the 
brachial  grooves  are  continued  over  the  ventral  surface  of  the 
calyx,  till  they  reach  the  oral  opening. 

There  is  no  doubt  that  it  is  by  the  above  arrangement  thai 
the  living  Crinoids  obtain  their  food,  and  the  mechanism  seem» 
to  have  been  essentially  llic  same  in  many  extinct  species.  In 
the  Palaeozoic  Crinoids,  however,  there  seems  to  have  been  a 
modification  of  this  arrangement.  In  these  forms,  the  arms 
have  much  the  stnicture  of  those  of  the  recent  Crinoids,  and 
are  deeply  grooved  on  their  ventral  surfaces.  The  ventral  sur- 
face of  the  calyx,  however,  exhibits  no  central  aperture,  but  only 
a  proboscidiform  tube,  which  arises  from  one  of  the  interra- 
dial  spaces  ((>.,  one  of  the  intervals  between  two  of  the  arms). 
This  tube  is  almost  certainly  anal,  but  good  observers  regard 
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It  u  di^cbarg^  the  functions  of  both  mouth  and  anus.  How- 
tva  this  may  be,  the  brachial  grooves  are  certainly  not  con- 
tinucd  over  the  ventral  surface  of  the  calyx,  but  stop  short  at 
the  bases  of  the  anns.  Hence  they  are  continued  as  covered 
panares  or  tunnels  to  a  central  point  in  the  ventral  surface  of 
the  diac  Here,  it  ia  believed,  is  placed  the  mouth,  concealed 
by  the  calcareous  plates  of  the  perisome. 


Fix.  ;>  -f'latjKrn^  McontaJaclirlia.  CaHwiiCrroui 
UKohi.uini.  and  upper  port  of  the  (tcm ;  ind  Iht  I 
fia»eaeti(  IhcjoinucJlhEcaluziui,     ilie  righi-hmE 


Of  the  living  stalked  Crinoids,  the  best  known  is  the  Penta- 
(rintts  Capat-Medusa  of  the  Caribbean  Sea,  Another  West 
Indian  form  is  the  curious  sessile  Holopus.  More  recently  a 
stalked  Crinoid  has  been  discovered  in  the  Atlantic  and  North 
Sea,  and  has  been  described  under  the  name  oi  Ji/itzoerinus 
Lefetensis  (fig.  91).  The  chief  interest  of  this  form  is  the  fact 
that  it  belongs  to  a  group  of  the  Crinouiea  hitherto  believed 
to  be  exclusively  confined  to  the  Mesozoic  rocks — viz.,  the 
Afiocrinida  or  "  Pear-encrinites."  In  fact,  Rhizocrinus  is  very 
cbicly  allied  to  the  Cretaceous  genus  Bourgiiefurinus,  and  it 
majr  even  be  doubted  if  it  is  generically  separable  from  it.  The 
lite  remarkable  researches  into  the  life  of  the  deeper  parts  of 
Uie  ocean  have  brought  to  Ufe  siveral  new  Crinoids,  which  will 
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doubtless,  when  fiilly  investigated,  still  further  fill  tip  the  ii 
between  the  living  and  extinct  Crineidta.  Amongst  these  miy 
be  mentioned  Penfacrinus  Wyville-Thomsoni,  Batiycrinut  ff9- 
cilis,  and  Hyocrinus  Baheliianus. 

In  the  second  type  of  the  Crinoidea — represented  in  our  MU 
by  the  forms  which  are  commonly  known  as  "  Feather-stais,' 
and  which  are  grouped  together  under  the  general  name  of 
Comafula—Hn^  animal  is  not  permanently  fixed,  but  is  only 
attached  by  a  stalk  when  young.  Taking  tiie  British  ComatuU 
{Aniedon)  rosacea  as  the  type  of  this  group,  the  larva,  after 
various  preliminary  embryonic  changes,  appears  as  a  small 
stalked  Crinoid  (tig.  94,  b),  in  which  state  it  was  described  as  a 
distinct  species  under  the  name  oi Pattacrinus Eure^tBus,  Inib 


adult  condition,  however,  the  Coniatula  (fig.  94,  «)  is  free,  and 
consists  of  a  pentagonal  disc,  which  gives  ori^n  to  ten  slender 
arms,  which  are  fringed  with  many  marginal  pmnulae  or  "ciiti" 
The  mouth  and  anus  are  on  the  ventral  surface  of  the  disc, 
which  in  this  case  is  again  the  inferior  surface,  since  the  animal 
creeps  about  by  means  of  its  pinnated  arms.     The  anns,  in 
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kt,  of  Comatula  appear  to  be  purely  locomotive  in  function, 
and  to  be  never  employed  as  prehensile  organs.  The  animal 
lives  upon  very  minute  organisms,  drawn  into  the  mouth  by  the 
action  of  the  cilia  lining  the  alimentary  canal.  The  dorsal  sur- 
^  cames  a  tuft  of  jointed  filaments  or  cirri,  which  are  em- 
ployed to  moor  the  animal  temporarily  to  solid  objects.  The 
mouth  is  central  in  position,  and  the  anus,  which  in  some 
species  forms  a  tubular  proiection,  is  situated  on  one  side. 
Both  the  arms  and  the  lateral  pinnulse  are  grooved  on  their 
ventral  surfaces  for  the  ambulacral  vessels ;  and  the  pinnules 
also  serve  for  the  support  of  the  reproductive  organs.  It  is 
extremely  doubtful  if  the  ambulacral  system,  in  the  adult,  has 
any  communication  with  the  exterior.  Indeed,  some  recent 
observations  would  go  to  show  that  the  ambulacral  vessels  in 
Omatuia  are  entirely  absent,  and  the  reference  of  the  Crinoi- 
dea to  the  Echinodermata  has  been  on  this  ground  disputed. 
The  function,  in  fact,  of  the  water-vascular  system,  if  present, 
appears  to  be  wholly  respiratory,  locomotion  being  entirely 
effected  by  means  of  the  arms.  The  alimentary  canal  is  con- 
fined entirely  to  the  disc,  and  the  stomach  sends  no  diverti- 
cula along  the  arms  as  it  does  in  the  Asteroidea.  According 
to  the  researches  of  Dr  W.  B.  Carpenter,  the  nervous  system 
^Qnnatula  consists  of  a  central  quinquelocular  organ,  and  of 
a  series  of  radial  branches,  which  differ  from  the  radial  nerve- 
cords  d*  the  other  Echinoderms  in  not  running  along  the  ven- 
tral surface  of  the  arms,  but  in  occupying  a  median  canal  in 
the  centre  of  each  arm.  Whilst  the  principal  nerve- cords  have 
this  position,  and  have  a  motor  function,  the  same  distinguished 
obsaver  has  shown  that  there  exists  in  the  ventral  furrow  of 
each  arm,  below  its  epithelial  lining,  a  fibrillar  band,  which  is 
apparendy  of  the  nature  of  a  sensitive  nerve.  The  larva  or 
pseudembryo  of  Comatula  rosacea  is  a  small  ovate  organism, 
with  four  transverse  ciliated  bands,  a  keyhole-shaped  mouth, 
and  a  small  vent  and  rudimentary  intestine,  the  whole  showing 
no  traces  of  radiation.  The  young  Crinoid  is  produced  within 
the  pseudembryo,  and  develops  a  fresh  mouth,  anus,  and 
stomach  for  itself;  the  first  being  originally  oro-anal  in  func- 
tion, and  being  placed  in  the  centre  of  the  ambulacral  system. 
Several  living  forms  of  Comatula  are  known,  and  have  been 
described  under  various  subordinate  types  {Antedon,  Actino- 
PutrOf  Comaster^  and  Phanogenia) ;  and  the  group  seems  to  be 
cosmopolitan  in  its  distribution. 

Order  Cvstoidea — Body  generally  spheroidal^  pedunculate  or 
Uttiky  enclosed  by  calcareous  articulated  plates^  some  of  which  are 
forms  and  are  connected  with  respiration.     Arms  rudimentary^ 
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mostly  reduced  to  the  pinnulm  only,     Jleprodutthe  organs  a/it' 
tained  within  the  interior  of  the  ealyx. 

The  members  of  ihis  order  are  all  extinct,*  and  are  entirely 
confined  to  the  Paleozoic  period.    The  body  (fig.  95)  «aii 


Rg.  ti.-Ht 


oT  ihc  CyitideuL    The  rifhi-bud  icat 


typically,  more  or  less  spherical,  and  was  protected  by  an  ex- 
ternal skeleton,  composed  of  numerous  polygonal  calcareous 
plates  accurately  fitted  together,  and  enclosing  all  the  viscera 
of  the  animal.  The  body  was  in  most  cases  permanently 
attached  to  the  sea-bottom  by  means  of  a  jointed  calcareous 
"  colunm  "  or  pedicle,  but  this  was  much  shorter  than  in  the 
majority  of  Crinoidi,  and  was,  rarely,  altogether  absent  Upon 
the  upper  surface  of  the  body  were  two,  sometimes  three, 
apertures,  the  functions  of  which  have  been  a  matter  of  con- 
siderable controversy.  One  of  these  is  lateral  in  position,  is 
defended  by  a  series  of  small  valvular  plates,  and  is  believed 
by  some  to  be  the  mouth,  whilst  by  others  it  is  asserted  to 
have  been  an  ovarian  aperture.  The  view  advocated  by  Mr 
Billings  is  that  this  aperture  was  the  mouth,  or  rather  that  it 
was  oro-anal,  as  was  also  the  proboscis  of  the  Palaeorjinoids, 
The  second  opening  is  central  in  position,  and  it  is  belie\-ed 
by  Mr  Billings  to  be  the  '"ambulacra!  orifice,"  as  it  is  always 
in  the  centre  of  the  arms  when  these  are  present.  The  third 
aperture  is  only  occasionally  present,  and  doubtless  discharged 
the  functions  of  an  anus.  High  authorities,  however,  re^rd 
the  lateral  valvular  aperture  as  the  anus,  and  the  central  aper- 
ture as  the  mouth — a  view  which  is  supported  by  the  analogies 
of  recent  forms. 

*  Professor  Loven  has  described  a  singular  Australian  Echinodenu  w 
being  most  closely  allied  to,  if  nol  truly  referable  to,  Ihe  order  CyslaUm. 
He  Tins  named  this  curious  form  Hypononu  Sarti,  and  believes  it  to  tw 
nearly  related  to  the  Cysiidean  genus  Agelatrinita. 
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In  some  Cystouiat  there  were  no  arms,  properly  speakiog,  but 
ily  small  pinnulse.  In  a  second  section  two  arms  were  pre- 
nt,  but  these  were  bent  backwards,  and  were  immovably 
lUered  down  to  the  body.  In  one  single  species  (Comoro- 
iitiUs  pmutatus,  Billings),  the  development  has  gone  further, 
W  ums  being  free,  and  provided  with  lateral  pinnulse,  as  in 
betrae  Critwids. 

Uany  Cystideaos  are  likewise  provided  with  a  system  of 
icns,  or  fissures,  penetrating  the  plates  of  the  body,  and  usu- 
%  arranged  in  definite  groups.  These  groups  are  termed 
'  pectiiutted  rhombs,"  but  their  exact  function  is  doubtftil.  By 
Mr  Billings,  however,  they  are  believed,  and  apparently  with 
good  reason,  to  have  admitted  water  to  the  body-cavity,  and 
to  liave  thereby  subserved  a  respiratory  function. 

Order  Blastoidea. — Body  mdosed  in  an  armour  of  closely- 
fning  mkareous  plates,  attached  to  some  foreign  body  by  a 
liaier  stem.  From  tlu  summit  of  the  eafyx  radiate  jwe  tram- 
^idy-striaied  and  longitudinaliy  grooved  areas,  which  carry  a 
'W  of  jointed  pinnula  on  each  side. 

The  members  of  this  order,  like  those  of  the  preceding,  are 
^Ueninct,  and  are  entirely  confined  to  the  Palieozoic  period. 


fiEjf— UarboUrr  <^  Bluuidu. 


loSri^ 


[  tb*  llKwl^abulBCTml  a 


"tnlrrmita  *rrffirmii.  tHf wed  lidc-wm 
.  .  .  _..jmil  of  thr  cifyn  of  PiHlrYmiln  itrei- 
:ai  uid  ibe  ipJCH]  Hpvrturei ;  e  Side-vww  of  Crm 
of  GmnalBcHiiii  mrlKlKi.  (Fiei.  d  and  *  1 
t  llighlly  cnki^ed.)    After  Hall,  and  M«k  ( 


rbe  body  was  fixed  to  the  bottom  of  the  sea  by  means  of  a 
bort,  jointed  pedicle ;  it  was  globular  or  oval  in  shape,  and 
ompmcd  of  solid  polygonal  calcareous  plates,  firmly  united 
ogetfaer,  and  arranged  in  five  inter-ambulacral  and  as  many 
fflbulacral  areas.  {These  ambulacial  areas  are  termed  by 
fCoy  "  pseud-ambulacta,"  upon  the  belief  that  they  were  not 
weed  for  tube-feet,  but  that  they  carried  a  double  tow  of 
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little  jointed  tentacles  or  arms.)  The  pseud-ambulacra  are 
petaloid  in  shape,  having  a  deep  furrow  down  the  centre,  and 
striated  transversely  They  converge  to  the  summit  of  the 
calyx,  and  each  appears  to  have  carried  a  row  of  small 
jointed  "pinnube"  upon  each  side.  The  five  pseud-ambul- 
acra, radiating  fi-om  the  summit  of  the  cal3rx,  give  the  upper 
surface  of  the  body  somewhat  the  appearance  of  a  flower- 
bud  ;  hence  the  name  applied  to  the  onder  (Gr.  blastos^  a  bud ; 
eidos^  form).  Upon  the  whole,  it  would  seem  most  probable 
that  the  pseud-ambulacra  of  the  PmtremUes  represent  the  arms 
of  the  Crinoids,  anchylosed  with  the  calyx,  and  that  the  lon^ 
tudinal  furrows  of  the  pseud-ambulacra  represent  the  ^'  brachial 
grooves  "  of  the  Crinoids. 

At  the  summit  of  the  calyx  are  six  apertures,  of  which  one 
is  the  mouth,  four  are  ovarian,  and  the  sixth  is  probably  partly 
ovarian  and  partly  anal. 

The  Blastoidea  are  known  more  familiarly  under  the  name 
of  Fentremites^  and  they  occur  most  commonly  in  the  Carboni- 
ferous rocks. 


CHAPTER  XXII. 
HOLOTHUROIDEA. 


Order  Holothuroidea. —  Vermiform  or  sluglike  Echituh 
derms,  with  a  leathery  skin,  in  which  calcareous  granules  and 
spicules  are  generally  developed.  Mouth  surrounded  by  a  cirdd 
of  tentacles.  Sexes  mostly  distinct.  Larva  vermiform^  without 
a  skeleton. 

The  members  of  this  order  are  commonly  known  by  the 
name  of  **  sea-cucumbers,"  "  trepangs,"  or  "  b^hes-<ie-mcr," 
and  are  the  most  highly-organised  of  all  the  Echinodermeda. 
The  body  is  elongated  and  vermiform,  or  rarely  slug-shaped, 
and  is  not  provided  with  a  distinct  test,  but  is  enclosed  in  a 
coriaceous  skin,  almost  universally  containing  calcareous  de- 
posits in  the  form  of  scattered  granules  or  spicules,  or  even 
imbricated  scales.  The  ambulacral  tube-feet,  when  present, 
are  typically  disposed  in  ^wt^  rows,  which  divide  the  body  into 
an  equal  number  of  longitudinal  segments  or  lobes.  The 
mouth  is  surrounded  by  a  circlet  of  feathery  tentacles,  contain- 
ing prolongations  from  the  central  ring  of  the  water-vascular 
system  ;  and  an  anus  is  situated  at  the  opposite  extremity  oC 
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the  body.  There  is  a  long,  convoluted  intestine.  A  special 
respiialoiy,  or  water-vascular,  system  is  often  developed,  in  the 
ft»in  of  a  system  of  arborescent  tubes,  which  admit  water  from 
the  exterior.  The  larva  is  vertnifonn,  and  has  no  skeleton. 
At  a  certain  period  of  their  existence,  the  youn^  Holothunans 
are  barrd  •  ^laped,  with  transverse  rings  of  cilia  (fig.  97,  c). 


They  rotate  rapidly  on  their  long  axis,  and  have  at  this  stage 
been  described  as  a  distinct  genus  under  the  name  of  Auri- 
miaria. 

Iq  the  typical  Holothunans,  locomotion  is  chiefly  effected 
by  means  of  rows  of  ambulacral  tube-feet,  or  by  alternate  ex- 
tension and  contraction  of  the  worm-like  body;  but  in  the 
Sjnaptida,  in  which  there  are  no  ambulacra,  and  only  the 
central  circular  canal  of  the  ambulacral  system  is  present,  the 
animal  moves  by  means  of  variously  shaped  spicula,  which  are 
KaCtered  in  the  integument.  When  developed,  the  ambulacral 
lyrtem  consists  of  a  "  circular  canal,"  surrounding  the  mouth, 
bearing  one  or  more  "  Polian  vesicles,"  and  giving  off  branches 
to  the  tentacula;  and  of  five  "radiating  canals"  which  run 
dofTQ  the  intenpaces  between  the  great  longitudinal  muscles. 
These  radiating  canals  give  off"  the  tube-feet  and  iheir  second- 
ary vesicles,  just  as  in  the  Echhtus.  In  the  typical  forms  there 
■re  fire  rows  of  tube-feet,  but  these  oigans  may  be  scattered 
orer  the  wbole  bodyi  or  may  be  restricted  to  the  ventral  sur- 
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face.  There  is  aJab  a  "  sand-canal"  which  arisbs  from 
circular  can^  and  is  terminated  by  a  madrcponfonn  tuba 
but  this,  iost^id  of  opening  on  the  exterior,  hangi  down  fri 
in  the  perivisceral  cavity.  The  fluid,  therefore,  with  iri 
the  ambulacra!  system  is  filled,  is  derived  from  the  pervriic 
cavity,  and  not  from  the  exterior,  as.is  usually  the  case. 

The  mouth  is  toothless,  is  situated  anteriorly,  and  is 
rounded  by  a  beautiful  fringe  of  branched,  retractile  tenta 
(fig.  98),  which  arise  from  a  ring  of  calcareous  plates,  and  i 


Fit.  98 -HokMhuKHdci.    TH^att  fafilltn.    (AftnForbet.} 

which  are  sent  prolongations  from  the  circum-oral  ring  of 
ambulacral  system.  These  tentacles,  ten  to  twenty  in  auml 
are  really  modified  tube-feet,  and  probably  serve  in  part 
respiratory  organs.  The  mouth  opens  into  a  pharynx,  wli 
conducts  to  a  stomach.  The  intestine  is  long  and  convolul 
and  usually  opens  into  a  terminal  dilatation,  termed 
"  cloaca,"  which  serves  both  as  an  anus  and  as  an  apeiture 
the  admission  of  sea-water  to  the  respiratory  tubes.  From 
cloaca  arise,  in  many  forms,  two  branched  and  arborcsc 
tubes,  the  terminations  of  which  are  c£cal.  These  run 
towards  the  anterior  extremity  of  the  body,  and  togeths  ( 
stitute  the  so-called  "  respiratory  tree."  They  are  highly  t 
tractile,  and  they  perfonn  the  function  of  respiratory  tag: 
sea-water  being  admitted  to  them  from  the  cloaca.  The 
cular  system  consists  of  two  main  vessels — one  dorsal,  and 
other  ventral — connected  with  a  clrcum-cesophageal  ring: 
velopment  is  in  a  few  instances  direct;  but  in  most  cases  t) 
is  a  metamorphosis,  the  larva  being  vermiform,  and  dcvoi 
a  skeleton.  The  nervous  system  consists  of  a  cord,  sunoi 
ing  the  gullet,  and  giving  olTfive  branches,  which  run  along 
of  the  radiating  ambulacral  canals.  The  sexes  are  gener 
but  not  universally,  distinct  The  generative  organs  are  in 
form  of  long,  ramified,  oecal  tubes,  which  open  external]; 
a  common  aperture,  situated  near  the  mouth.  There  is  tbu 
trace  of  that  radial  symmetry  which  is  observed  in  die  am 
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nent  of  the  reproductive  organs  in  the  other  orders  of  the 
Echinodermata, 

The  skin  in  the  Holothurians  is  highly  contractile,  and  the 
body  is  provided  with  powerful  longitudinal  and  circular 
ausdes,  in  compensation  for  the  absence  of  any  rigid  integu- 
mentary skeleton.  Many  of  the  Sea-cucumbers,  in  fact,  are 
endowed  with  such  high  contractility  that  they  can  eject  their 
internal  organs  entirely,  if  injured  or  alarmed. 

In  the  family  of  the  SynaptidcR  there  is  no  respiratory  tree, 
and  the  ambulacra!  tube-feet  are  wanting ;  whilst  the  skin  is 
funiished  with  calcareous  spicules  of  various  shapes.  The 
^)napt(B  themselves  burrow  in  the  mud  or  sand,  and  have  the 
skin  furnished  with  innumerable  anchor- shap^  spicules  at- 
tached to  special  "  anchor-plates  "  in  the  integument.  They 
often  form  a  kind  of  protective  case  or  tube  of  sand-grains ; 
and  they  obtain  their  food  by  swallowing  the  mud,  from  which 
they  extract  any  disseminated  nutrient  particles.  In  Chiro- 
^a  the  skin  is  provided  with  microscopic  calcareous  wheels, 
^^  the  place  of  anchors.  In  the  OncinolabidcBf  the  skin  has 
barbed  spicules,  and  there  is  no  respiratory  tree ;  but  these 
tas  differ  from  the  Synaptida  proper  in  possessing  tube-feet 

The  order  Holothuroidea  is  divided  into  the  two  following 
suborders : — 

^^i^-mUr  I.  Afmeumona, 
No  respiratory  tree.     The  ambulacral  tube-feet  wanting  {Synaptuia\ 
or  present  {OHcinoiahida), 
^^ih-9rder  2.  Jpiuumonophora, 
A  respiratoiy  tree.     (Ex.  Holoihuria^  Thyone,  Moipadia^  Psolus^  Cu' 
cumaria,  &c) 


CHAPTER  XXIII. 

DISTRIBUTION  OF  ECHINODERMA  TA  IN 

SPACE  AND  TIME. 

ftsTRiBunoN  OF  EcHiNODERMATA  IN  Space. — The  Crifioidea 

^  represented  by  very  few  forms  in  recent  seas,  and  these 

laTC  a  very  local  distribution.     The  Camatulce  are  the  com- 

iQooesty  and  species  have  been  found  in  most  seas.      The 

^ecies  oi  Peniacrinm  and  Holopus  are  exclusively  confined,  as 

6r  as  is  known,  to  the  Caribbean  Sea.     Rhizocrinus  Lofotensis 

bas  been  dredged  on  the  coast  of  Norway,  and  in  the  North 

Atlantic^  and  a  form  believed  to  be  the  same  has  been  found 

n 
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in  the  Gulf  of  Mexico.  In  the  North  Atlantic  also,  has  b< 
found  another  Apiocrinoid,  which  has  been  described  un< 
the  name  oi  Bathycrinus  gracilis.  Several  other  Crinoids  hi 
been  found  inhabiting  the  depths  of  the  ocean  in  the  £xp< 
tion  of  the  Challenger. 

The  Asteroidea^  Ophiuroideay  and  Echinoidea  are  represeni 
in  almost  all  seas,  whether  in  tropical  or  temperate  zones, 
tending  their  range  even  into  high  northern  and  southern  L 
tudes.  They  have  also  a  wide  bathymetrical  range,  extend 
from  between  tide-marks  to  almost  the  greatest  depths  wh 
have  yet  been  explored  by  the  dredge.  Some  of  the  S 
Urchins  (such  as  Strongylocentrotus  Hvidus)  have  the  pecul 
habit  of  hollowing  out  cavities  for  themselves  in  the  solid  ro 
in  which  they  spend  their  existence.  The  Holothuroidea  cnj 
a  nearly  world-wide  distribution ;  but  they  have  their  men 
polis  in  the  Pacific  Ocean,  occurring  abundantly  on  the  cor 
reefs  of  the  Polynesian  Archipelago.  One  species  (Holoihw 
argus)  is  collected  in  large  numbers,  and  is  exported  to  Chii 
where  it  is  regarded  as  a  great  delicacy. 

Distribution  of  Echinodermata  in  Time.  —  Numero 
remains  of  Echinodermata  occur  in  most  sedimentary  rod 
beginning  with  the  Upper  Cambrian  Rocks,  and  extending  i 
to  the  recent  period.  The  two  orders  Cystoidea  and  BlasUndi 
which  are  the  most  lowly  organised  of  the  entire  class,  a 
exclusively  Palaeozoic ;  and  the  Crinoidea  are  mostly  referal 
to  the  same  epoch.  The  more  highly  organised  Asterm 
and  Ophiuroidea  commenced  to  be  represented  in  the  Siluri 
period ;  but  the  Echinoidea^  with  few  exceptions,  have  no  i 
presentatives  earlier  than  the  Carboniferous  Rocks.  The  fi 
lowing  exhibits  the  geological  distribution  of  the  diflferent  ord< 
of  the  Echifiodermata  in  somewhat  greater  detail : — 

I.  Crinoidea.* — The  Crinoidea  attained  their  maximum 
the  Palaeozoic  period,  fi^om  which  time  they  have  gradua 
diminished  down  to  the  present  day.  As  has  already  be 
described,  the  Palaeozoic  Crinoidea  diflfer  in  some  importa 

•  As  regards  the  calyx  of  the  Crinoidea^  the  following  terms  are  cmploj 
to  designate  its  different  parts.  The  base  of  the  cup,  or  calyx,  is  tern 
the  '*  pelvis,"  and  it  is  made  up  of  from  two  to  five  plates,  which  are  ten 
the  **  basals.**  To  the  **  basals  "  succeed  two  or  three  rows  of  plates,  wh 
are  termed  respectively  the  **  primary  radials  "  (or  "parabasals  ),  "seco 
ary  radials,''  and  ''tertiary  radials,  according  to  their  distance  ftom 
basals.  The  axillary  radials,  which  are  the  furthest  removed,  give  on 
to  the  arms,  and  are  occasionally  called  the  "  scapulae '*  (for  this  reasc 
whilst  the  primary  and  secondary  radials  are  called  the  ''costse.**  Tk 
may  also  be  several  orders  of  plates  developed  between  the  "  radials,**) 
known  as  the  *'inter>radials. 
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particulars  from  those  which  succeeded  them.  The  order  is 
well  represented  in  the  Silurian,  Devonian,  and  Carboniferous 
Rocks,  but  especially  in  the  latter;  many  Carboniferous  lime- 
stones (crinoidal  limestones  and  entrochal  marbles)  being  al- 
most entirely  made  up  of  the  columns  and  separate  joints  of 
Crinoids.  In  the  Secondary  Rocks  Crinoids  are  still  abun- 
dant In  the  Trias  the  beautiful  "  Stone-lily  "  {Encrinus  lilii' 
fomis)  is  peculiar  to  its  middle  division  (Muschelkalk).  In 
the  Jurassic  period  occur  many  species  of  Apiocrinus  (Pear- 
encrinite),  Paitacrinus^  and  Extracrinus,  The  Chalk  also 
abounds  in  Crinoids,  amongst  which  is  a  remarkable  unat- 
tached form  (the  Tortoise-encrinite  or  Marsupiies). 

Of  the  non-pediculate  Crinoidea^  which  are  a  decided  ad- 
vance upon  the  stalked  forms,  there  are  comparatively  fe^^' 
traces ;  but  remains  of  forms  (such  as  Saccosoma  and  Soiano- 
(nms)  allied  to  the  recent  Comatuics  have  been  found  in  the 
Jurassic  and  Cretaceous  deposits. 

2.  Blastoidea. — The  Blastoidea,  or  Pentremites,  are  entirely 
Palaeozoic,  and  attain  their  maximum  in  the  Carboniferous 
Kocks,  some  beds  of  which  in  America  are  known  as  the  Pen- 
tremite  Limestone,  from  the  abundance  of  these  organisms. 
They  are,  however,  also  found  in  the  Silurian  and  Devonian 
Rocks. 

3.  Cystoidea. — These,  like  the  preceding,  are  entirely  Pal- 
aeozoic; but  they  are,  as  far  as  is  yet  known,  exclusively 
confined  to  the  Upper  Cambrian  and  Silurian  Rocks,  being 
especially  characteristic  of  the  horizon  of  the  Bala  Limestone. 
Forms  supposed  to  be  Cystideans  have  been  described  from 
the  Devonian  Rocks,  but  their  true  nature  is  doubtful.  The 
oldest  known  Echinoderms  are  two  extremely  simple  Cysti- 
deans {Trachocystites  and  Eocystites)  which  have  been  discovered 
in  the  primordial  zone  of  North  America. 

4-  AsTEROiDEA. — Thesc  have  a  very  long  range  in  time, 
extending  from  the  Lower  Silurian  period  up  to  the  present 
day.    In  the  Silurian  Rocks  the  genera  Falaastcr,  Stetiastery 
Palaadiscus^  and  Pdraster  are  among  the  more  important,  the 
greater  number  of  forms  being  Upper  Silurian.      The  next 
period  in  which  star-fishes  more  especially  abound  is  the  Ooli- 
tic (Mesozoic) ;  the  more  important  genera  being  Uraster^  Lui- 
£ay  AsiropecteUy  Fiumaster,  and  Goniaster^  some  of  which  have 
sorvived  to  the  present  day.     Many  star-fishes  occur,  also,  in 
the  Cretaceous  Rocks,  the  genera  Ortaster^  Goniodiscus^  and 
Astrogonium  being  among  the  more  noticeable.     In  the  Ter- 
tiaiy  Rocks  few  star-fishes  are  known  to  occur,  but  Goniaster 
and  Astropeden  are  represented  in  the  London  Clay  (Eocene). 
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5.  Ophiuroidea, — The  "brittle-stars"  are  represented 
the  Silurian  Rocks  by  the  single  genus  Ptviaster,  In  the  T 
assic,  Oolitic,  Cretaceous,  and  Tertiary  Rocks  several  gene 
of  Ophiuroidea  are  known ;  some  being  extinct,  whilst  oth« 
(such  as  Ophiodermay  OphioUpis,  and  Ophiocomd)  still  survi 
at  the  present  day. 

6.  EcHiNoiDEA. — This  order  is  represented  in  the  PalseoM 
Rocks  by  a  single  aberrant  family ;  but  it  is  numerously  rep 
sented  in  the  Mesozoic  and  Kainozoic  periods. 

Of  the  Palaeozoic  Urchins  or  PerischoichinidcR^  the  two  m< 
abundant  genera  are  Archceocidaris  and  Palachinus^  both 
which  are  principally  Carboniferous,  though  the  latter  occu 
in  the  Upper  Silurian.  Melonites  and  Oligoporus  are  exclusive 
Carboniferous ;  and  Lepidechinus  and  Eocidaris  are  principal 
so,  though  both  commence  their  existence  in  the  Devonian. 

The  Secondary  and  Tertiary  Echinoidea  resemble  those  no 
living  in  being  composed  of  not  more  than  twenty  rows  of  ca 
careous  plates.  The  Oolitic  and  Cretaceous  Rocks  are  e^ 
cially  rich  in  forms  belonging  to  this  order,  many  genera  bein 
])eculiar ;  but  the  number  of  forms  is  too  great  to  permit  of  an 
selection. 

It  may  be  mentioned,  however,  that  the  singular  genus  Ech 
nothuria,  with  its  flexible  test,  the  predecessor  of  the  living  Ca^ 
veria  and  Phormosoma^  is  found  in  the  Chalk. 

7.  HoLOTHURoiDEA.  —  This  Order,  comprising,  as  it  docJ 
soft-bodied  animals,  has  left  but  few  traces  of  its  existence  i 
past  time.  The  calcareous  integumentary  plates  and  spicule 
of  Sea- Cucumbers  are,  however,  by  no  means  absolutely  un 
known  in  the  fossil  condition,  ranging  from  the  Carboniferou 
onwards.  The  shield  oiPsolus  has  also  been  detected  in  Pos^ 
Tertiary  deposits  in  Bute. 
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CHAPTER   XXIV. 
SCOLECIDA. 


Class  IL  Scolecida. — This  class  was  proposed  by  Professc 
Huxley  for  the  reception  of  the  remaining  members  of  th 
Annuioida,  comprising  the  Rotifera^  the  Turbeilaria^  the  Tr^ 
matoda^  the  Tieniada,  the  Nematoidea^  the  Acarit/iocephala,  an 
the  Gordiacea.  Of  these  the  Roiifera  stand  alone  \  whilst  th 
Turbellaria^  Trematoda,  and  Taniada  constitute  the  old  di« 
sion  of  the  Platyelmia  (Flat  Worms);  and  the  NemaiaidA 
Acanthocephahiy  and  Gordiacea  make  up  the  old  Nematdm^ 
(Round  Wonns  or  Thread-worms).  For  some  purposes  the 
old  divisions  are  sufficiently  convenient  to  be  retained,  thou| 
they  are  of  little  scientific  value.  The  term  Entotoa  fe 
acquired  such  a  general  currency  that  it  is  necessarily  employe 
occasionally,  but  it  has  been  used  in  such  widely  differei 
senses  by  diflferent  writers,  that  it  would  be  almost  better ' 
discard  it  altogether.  It  certainly  cannot  be  used  as  synon 
moiis  with  Scolecida^  many  of  these  not  being  parasitic  at  a 
It  will  therefore  be  employed  here,  in  a  restricted  sense, 
designate  those  orders  of  the  Sco/ccida  which  are  intern 
parasites,  comprising  the  Trematoda,  Taniada,  Nemaioidea( 
part),  Acanthocefhala^  and  Gordiacea,     llie   Titrbdlaria  ai 
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Rotifera,  with  a  section  of  the  Nematoidea^  lead  a  free  exist- 
ence, and  are  not  parasitic  within  other  animals. 

The  Scolecida  are  defined  by  the  possession  of  a  "  water- 
vascular  system,"  consisting  of  a  "  remarkable  set  of  vessels 
which  communicate  with  the  exterior  by  one  or  more  apertures 
situated  upon  the  surface  of  the  body,  and  branch  out,  more 
or  less  extensively,  into  its  substance"  (Huxley).  No  proper 
vascular  apparatus  is  present,  and  the  nervous  system  (when 
present)  "consists  of  one  or  two  closely  approximated 
ganglia."  The  habits  and  mode  of  life  of  the  different  mem- 
bers of  the  Scolecida  are  so  different,  that  no  other  character, 
save  the  above,  can  be  predicated  which  would  be  common  to 
the  entire  class,  and  would  not  be  shared  by  some  other  allied 
division.  The  most  important  moq^h ©logical  feature  by  which 
the  Scolecida  are  separated  from  the  Annelida^  is  that  they  are 
destitute  of  the  ventral  gangliated  nerve-chain  which  is  so 
characteristic  of  the  latter  group. 

Division  I.  Platyelmia. — This  section  includes  those  Scale- 
^k  which  possess  a  more  or  less  flattened  body,  usually  some- 
'^hat  ovate  in  shape,  and  not  exhibiting  anything  like  distinct 
segmentation.  The  division  includes  two  parasitic  orders — 
the  Taniada  and  the  Trematoda;  and  one  non-parasitic  order 
—viz.,  the  Turbellaria,  A  sub-order,  however,  of  this  last, 
the  Nemertidce^  does  not  conform  to  the  above  definition  ;  but 
their  other  characters  are  such  as  to  forbid  their  separation. 

Order  I.  T/ENIADA  {Cestoidea). — This  order  comprises. the 
internal  parasites,  called  Tape-worms  (Cestoid  worms),  and 
the  old  order  of  the  "  Cystic  worms "  (Cystica) ;  the  latter 
being  now  known  to  be  merely  immature  forms  of  the  Tape- 
worms. 

The  Tcmiada  are  Scolecids  in  which  the  body  of  the  adult 
«  dongated  and  composed  of  flattened  joints^  the  anterior  ex- 
i^emity  {^^ head^^)  armed  with  hooklets,  or  suckers ^  or  both  com- 
^ifud.  There  is  no  mouth  or  alimentary  canal,  and  the  young 
fus  through  a  metamorphosis.  The  mature  animal  is  hermaph- 
rodite. 

In  their  mature  condition,  the  Tceniada  (see  figs.  99  and  100) 
ve  always  found  inhabiting  the  alimentary  canal  of  some  warm- 
blooded vertebrate  animal;  and  they  are  distinguished  by 
their  great  length,  and  by  being  composed  of  a  number  of 
flattened  joints  or  articulations.  These  joints  are  not,  how- 
ever, an  example  of  true  segmentation,  nor  do  they  really 
<^*stitute  the  Tape-worm ;  the  true  animal  being  found  in 
fe  small,  rounded,  anterior  extremity,  the  so-called  "  head," 
*" nurse,"  whilst  the  joints  are  simply  hermaphrodite,  gene- 
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rative  segments,  which  the  "  head  "  throws  off  by  a  piocei 
of  gemmation.  The  "head"  (fig.  100,3,  and  fig.  99,  «),whk 
constitutes  the  real  Tape-worm,  is  a  minute,  rounded  bod] 
which  is  fiimished  with  a  circlet  of  hooks  or  suckers,  or  bod 
whereby  the  parasite  is  enabled  to  maintain  its  hold  upo 
the  mucous  membrane  of  the  intestines  of  its  host  N 
digestive  organs  of  any  kind  are  present,  not  even  a  mondl 
and  the  nutrition  of  the  animal  is  entirely  effected  by  imb 
bition.  The  nervous  system  consists  of  two  small  gan^ 
which  send  filaments  backwards ;  but  there  is  consideraU 
obscurity  on  this  point,  and  it  has  been  asserted  that  tt 
nervous  system  is  entirely  wanting,  or  that  there  is  only 
single  ganglion.  The  "  water-vascular  system  "  consists  of 
series  of  long  vessels  which  run  down  each  side  of*  the  bod 
communicating  with  one  another  at  each  articulation  t 
means  of  a  transverse  vessel,  and  opening  in  the  last  job 
into  a  contractile  vesicle.  It  thus  appears  that  all  the  join 
are  organically  connected  together.  Whilst  the  "head"  CO 
stitutes  the  real  animal,  it  nevertheless  contains  no  repr 
ductive  organs,  and  these  are  developed  in  the  joints  < 
segments  (^g.  100,  3,  and  fig.  99,  A),  wluch  are  produced  fro 
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the  head  posteriorly  by  budding.  After  the  first  joint,  eat 
new  segment  is  intercalated  between  the  head  and  the  se: 
ment,  or  segments,  already  formed ;  so  that  the  joints  neare 
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the  head  are  those  latest  formed,  and  those  furthest  from  the 
head  are  the  most  mature.  Each  segment,  when  mature,  con- 
tains both  male  and  female  organs  of  generation,  and  is  there- 
fore sexually  perfect  To  such  a  single  segment,  (figs.  loo,  4, 
and  99,  A),  the  term  "  proglottis "  is  applied,  from  its  resem- 
blance in  shape  to  the  tip  of  the  tongue.  The  ovary  is  a 
branched  tube,  which  occupies  the  greater  part  of  the  pro- 
glottis, and  opens,  along  with  the  efferent  duct  of  the  male 
organ,  at  a  common  papilla,  which  is  perforated  by  an  aper- 
ture, termed  the  "  generative  pore."  The  position  of  this  pore 
varies,  being  placed  in  the  centre  of  one  of  the  lateral  margins 
of  the  proglottis  in  the  common  Tape-worms  of  man  ( Tania 
solium  and  T.  mediocandlaia)^  but  being  situated  upon  the  flat 
surfece  of  the  segment  in  the  rarer  Bothriocephalus  latus. 
These  two  elements — namely,  the  minute  head,  with  its  hook- 
lets  and  suckers,  and  the  aggregate  of  the  joints,  or  pro- 
glottides— ^together  compose  what  is  commonly  called  a  "  Tape- 
worm," such  as  is  found  in  the  alimentary  canal  of  man,  and 
of  many  animals.  The  length  of  this  composite  organism 
varies  from  less  than  an  inch  to  several  yards. 

Sing;ular  as  is  the  composition  of  the  mature  Tape-worm, 
still  more  extraordinary  are  the  phenomena  observed  in  its 
development,  of  which  the  following  is  a  brief  account : — 

"  Proglottides,"  or  the  sexually  mature  segments  of  a  Tape- 
worm, are  only  produced  within  the  alimentary  canal  of  man, 
or  of  some  other  warm-blooded  vertebrate.  The  development 
of  the  ova  which  are  contained  in  the  proglottides,  cannot, 
however,  be  carried  out  in  this  situation  ;  hence  the  compara- 
tive hannlessness  of  this  parasite,  and  hence  the  name  of 
**8olitaijr  worm,"  which  is  sometimes  applied  to  it  For  the 
production  of  an  embryo,  it  is  necessary  that  the  ovum  should 
be  swallowed  by  some  animal  other  than  the  one  inhabited  by 
the  mature  Tape-worm.  If  this  does  not  take  place,  the  fecun- 
dated ovum  is  absolutely  unable  to  develop  itself.  To  secure 
this,  however,  the  dispersion  of  the  ova  is  provided  for  by  the 
expulsion  of  the  ripe  proglottides  from  the  bowel,  all  their 
contained  ova  having  been  previously  fertilised.  After  their 
discharge  from  the  body,  the  proglottides,  which  for  some  time 
retain  their  vitality  and  possess  some  power  of  movement,  de- 
compose, and  the  ova  are  liberated  (fig.  100,  i),  when  they  are 
found  to  be  covered  by  a  capsule  which  protects  them  from  all 
ordinary  mechanical,  and  even  chemical,  agencies,  which  might 
prove  injurious  to  them.  In  this  stage,  the  embryo  is  often  so 
^  developed  within  the  ovum  that  its  head  may  be  recognised 
hy  its  possession  of  three  pairs  of  siliceous  booklets.     For 
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further  development,  it  is  now  necessary  that  the  ovum 
swallowed  by  some  warm-blooded  vertebrate,  and  should  t 
gain  access  to  its  alimentary  canal.  When  this  takes  place, 
protective  capsule  or  covering  of  the  microscopically  miii 
ovum  is  ruptured,  either  mechanically  during  mastication 
chemically  by  the  action  of  the  gastric  juice  ;  and  the  emb 
is  thus  liberated.  The  liberated  embryo  (fig.  99,  /)  is  1 
called  a  "  proscolex,"  and  consists  of  a  minute  vesicle,  irt 
is  provided  with  three  pairs  of  siliceous  spines,  fitted  for  t 
ing  through  the  tissues  of  its  host  Armed  with  these, 
proscolex  perforates  the  wall  of  the  stomach,  and  may  eil 
penetrate  some  contiguous  organ,  or  may  gain  access  to  x 
blood-vessel,  and  be  conveyed  by  the  blood  to  some  par 
the  body,  the  liver  being  the  one  most  likely. 

Having  by  one  of  th^e  methods  reached  a  suitable  rest 
place,  the  proscolex  now  proceeds  to  surround  itself  wit 
cyst,  and  to  develop  a  vesicle,  containing  fluid,  from  its  j 
terior  extremity,  when  it  is  called  a  "  scolex  "  (fig.  lOO,  a, . 


Fig.  lu-MarpholoEr  oTTxniada.  i.  Ovum  conL 
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fig-  99-  g)-  In  some  of  the  Tmiada  the  scoUces  are  ca 
"hydatids,"  and  it  is  these,  also,  which  constituted  the 
order  of  the  "  Cystic  Worms."    When  thus  encysted  wii 
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t  tissues  of  an  animal,  the  '*  scolex  "  consists  simply  of  a 
oioid  head,  with  a  circlet  of  hooklets  and  four  **  oscula  "  or 
duTs,  united  by  a  contracted  neck  to  a  vesicular  body.  It 
otains  no  reproductive  organs,  or,  indeed,  organs  of  any 
id,  and  cannot  attain  any  further  stage  of  development,  un- 
s  it  be  swallowed  and  be  taken  for  the  second  time  into  the 
mentary  canal  of  a  warm-blooded  vertebrate.  It  may  in- 
ase,  and  produce  fresh  scolices,  but  this  takes  place  simply 
a  process  of  gemmation.  The  series  of  changes,  however, 
icrcby  the  scolex  is  converted  into  the  "  strobila,"  or  adult 
)e-worm,  cannot  be  carried  out  unless  the  scolex  gain  access 
the  alimentary  canal  of  a  warm-blooded  vertebrate.  In  this 
sc,  the  scolex  attaches  itself  to  the  mucous  membrane  of  the 
xstinal  tube  by  means  of  its  cephalic  hooklets  (when  these 
: present)  and  suckers.  The  caudal  vesicle  now  drops  off,  and 
c  scolex  is  thus  converted  into  the  "  head"  of  the  tape-worm, 
mmation  then  commences  from  its  posterior  extremity,  the 
St  segments  being  immature.  As  the  first-formed  joints, 
wever,  are  pushed  further  from  the  head  by  the  constant 
tercalation  of  fresh  articulations,  they  become  sexually  mature, 
us  constituting  the  "  proglottides "  of  the  adult  tape- worm 
th  which  the  cycle  began.  To  the  entire  organism,  with  its 
bead"  and  its  mature  and  immature  joints  ("  proglottides"), 
e  term  "  strobila  "  is  now  applied. 

In  the  development,  therefore,  of  the  tape-worm,  we  have  to 
member  the  following  stages : — 

1.  The  avumy  set  free  from  a  generative  joint,  or  proglottis. 

2.  The  proscolcx^  or  the  minute  embryo  which  is  liberated 
)in  the  avutn^  when  this  latter  has  been  swallowed  by  any 
inn-blooded  vertebrate. 

3.  The  scoieXy  or  the  more  advanced,  but  still  sexually  im- 
rfect  embryo,  into  which  ihtproscoUx  develops,  when  it  has 
'cysted  itself  within  the  tissues  of  its  host.  (Under  this  head 
«ne  the  so-called  "  Cystic  Worms.") 

4.  The  strobi/Oj  or  adult  tape-worm,  into  which  the  sco/ex 
^elops  itself,  when  received  into  the  alimentary  canal  of  a 
inn-blooded  vertebrate.  The  strobila  is  constituted  by  the 
liead,"  and  by  a  number  of  immature  and  mature  generative 
gments  or  joints,  termed  the  "  proglottides." 

The  subject  will  perhaps  be  more  clearly  understood  by 
llowing  the  development  of  one  of  the  common  tape-worms 
man — viz.,  the  Tofiia  solium.  Commencing  with  an  indivi- 
Jal  who  is  already  suffering  from  the  presence  of  this  parasite, 
^  of  the  roost  distressing  symptoms  of  the  case  is  found  to  be 
^  escape  of  the  joints  of  the  animal  from  the  bowel.    These 
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joints  are  the  ripe  "  proglottides,"  containing  the  fecundated 
ova.  When  the  ova — ^which  are  microscopic  in  size — are  libe- 
rated by  the  decomposition  of  the  proglottis,  they  may  gain 
access  to  water,  or  be  blown  about  by  the  wind.  In  many  ways, 
it  is  easy  to  understand  how  one  of  them  maybe  swaUowedb) 
a  pig.  When  this  occurs,  a  "  proscolex  "  is  liberated  from  the 
ovum,  and  bores  its  way  through  the  walls  of  the  stomach,  tc 
become  a  "  scolex.''  It  now  takes  up  its  abode,  generally  in 
the  muscles,  in  which  position  it  was  originally  described  as  s 
cystic  worm  under  the  name  of  Cysticercus  cellulose  (fig.  99,1)1 
constituting  what  is  commonly  known  as  the  "  measles"  of  the 
pig.  In  this  state  the  scolex  will  continue  for  an  indefinit( 
period  ,*  but  if  a  portion  of  "  measly  "  pork  be  eaten  by  a  man 
then  the  scolex  will  develop  itself  into  a  tape-woroL  Th< 
scolex  fixes  itself  to  the  mucous  membrane  of  the  intestine 
throws  off  its  caudal  vesicle,  and  commences  to  produce  "pre 
glottides  "  instead,  becoming  thus  the  "  strobila  "  of  the  Tani 
solium^  with  which  we  originally  started.  The  other  commoi 
tape-worm  of  man — viz.,  the  Tcenia  mediocaneilata — is  derive* 
in  an  exactly  similar  manner  from  the  "  measles  "  of  the  o> 
In  like  manner,  the  tape- worm  of  the  cat  (Tania  crassicollis)  i 
the  mature  form  of  the  cystic  worm  of  the  mouse  {Cystkercu 
fasciolaris) ;  the  tape-worm  of  the  fox  (Tania  pisi/ormis)  i 
derived  from  the  cystic  worms  of  hares  and  rabbits  {Cystuerot 
pisifomiis) ;  one  of  the  tape-worms  of  the  dog  (Tania  serrata)  i 
the  developed  form  of  the  Ccenurus  cenbralis  of  the  sheep,  tb 
cystic  worm  wliich  causes  the  "  staggers  "  in  the  latter  animal 
another  of  the  tape-worms  of  the  dog  (7!  cchinacoccus)  sp>ends  it 
larval  stage  in  the  tissues  of  man  ;  and  7!  margifiata  of  thj 
dog  and  wolf  is  the  mature  stage  of  the  Cysticercus  tenmcoUl 
of  the  ruminants  and  of  the  pig.  On  the  other  hand,  th< 
embryo  of  the  **  Russian  tape-worm  "  (Bothriocephalus  iatus)  ii 
not  **  cystic,"  but  is  ciliated  and  furnished  with  booklets,  whilsl 
the  scolex  apparently  leads  an  independent  life  in  water,  anc 
possesses  no  intermediary  bearer. 

Besides  being  liable  to  the  attacks  of  various  species  of  adul 
tape-worms,  man  is  not  uncommonly  attacked  by  "  scolices,"  0 
the  larval  forms  of  the  tape-worms  of  other  animals.  Thus 
what  are  professionally  termed  "  hydatids  "  are  really  th 
scolices  of  one  of  the  tape-worms  of  the  dog  (the  Tcema  echim 
coccus).  The  "strobila"  or  adult  worm  (fig.  10 1,  A)  is  onl 
about  a  quarter  of  an  inch  in  length,  and  is  singular  in  coi 
sisting  of  only  four  segments,  including  the  "  head."  Tl: 
last  segment  is  sexually  mature,  and  the  head  is  furnished  wil 
booklets  and  suckers.     The  egg  gives  rise,  when  swallowed  I 
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Dun,  to  a  "  proscolex,"  which  bores  its  way  through  the  walls 
of  the  stomach,  and  finds  a  lodgment  in  some  solid  organ — 
'nycommonly  the  liver.  The  primitive  scolex  now  consists 
ofi  spherical  vesicle  (fig,  loi,  C),  with  a  thick  laminated  ex- 


Ff.  ici^A,  Scvully  mituic  ToVa  n-AiVdcKfM,  iHowing  the  head  wlib  iu  baaklili^ 
ud  lodierv  uvi  the  Ehree  tiuxeedine  progLottidefl,  the  tut  t:ontainLDB  the  repTDdilc- 
live  orcuM  (eolarfEol],  p  Ovuy,  f  Water- vcbel«;  B,  Interiorofa  ponionof  afiyflAtLd 

^okHvuuta,  Hboui  Hx  weeks  old.  fthowJciK  the  (hick  laminated  outer  capiult  and 

b(^  coBluDcd  "  calcareoia  CDrpuscles,"  andpedide.  [All  the  figurei  are  enlarfed.) 
AAer  Spencer  Cobbold  and  Wilion. 


Itnial  covering  enclosing  a  central  granular  mass.  This  mass 
ultimately  foniis  a  cellular  membrane  lining  the  outer  lamin- 
ttd  envelope,  and  from  it  are  developed  numerous  secondary 
"JWlices,"  each  of  which  is  attached  to  the  parent  cyst  by  a 
pedicle,  and  is  furnished  with  a  crown  of  booklets  and  four 
snckcrs,  but  is  destitute  of  a  caudal  vesicle  (fig.  loi,  D).  In 
^  the  parent  cyst  may  be  regarded.as  morphologically  com- 
xscd  of  the  coalescent  caudal  vesicles  of  the  contained 
'beads  "  or  "  Echintxocci''  The  parent  cyst  may  grow  to  a 
TCat  size,  and  is  filled  with  a  clear  fluid,  whilst  instead  of 
roducing  simple  "  Echinococci,"  it  may  bud  off  numerous 
brood-capsules,"  each  of  which  develops  in  its  interior  a 
roup  of  Echineeoecus  heads  (fig.  loi,  B),  or  it  may  produce 
innerous  secondary  cysts,  which  may  repeat  the  process,  and 
1  kX  which  may  incessantly  produce  "  brood-capsules"  and 
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"  Echinococci."  The  disease  known  as  "  hydatids "  in  the 
human  subject  is,  therefore,  indicated  by  the  presence  in  the 
liver  or  other  solid  organ  of  strong  membranous  cyst,  often  of 
large  dimensions,  filled  with  a  transparent  watery  fluid,  and 
having  attached  to  its  interior  innumerable  minute  secondary 
**  scolices,''  or  "  brood- capsules,"  or  containing  daughter  cysts 
produced  by  a  peculiar  form  of  gemmation.  In  some  coun- 
tries, as  in  Iceland,  the  disease  is  very  common,  and  it  is  of  a 
very  serious  character,  as  the  growth  of  the  tumour  is  apt  to 
gravely  interfere  with  the  vital  functions,  or  even  to  produce 
fatal  results.  The  symptoms,  of  course,  depend  upon  the 
position  occupied  by  the  cyst,  and  the  importance  to  liSfe  of  the 
organ  affected. 


CHAPTER   XXV. 

TREMATODA  AND  TURBELLARIA. 

Order  Trematoda.  —  Leaf-like  internal  {sometimes  external) 
parasites,  provided  with  one  or  more  ventral  suckers ;  a  mouth 
and  alimentary  canal,  hut  no  anus.    No  body-cavity.   Integument 
of  the  adult  not  ciliated.     Sexes  generally  united.     This  order 
includes  a  group  of  animals,  which,  like  the  preceding,  are 
parasitic,  and  are  commonly  known  as  "suctorial  worms"  or 
"  Flukes."     They  inhabit  various  situations  in  different  ani- 
mals— mostly  in  birds  and  fishes — and  they  are  usually  flat- 
tened or  roundish  in  shape.     The  body  is  provided  with  one 
or  more  suctorial  pores  for  adhesion.     An  intestinal  canal, 
with  one  exception,  is  always  present,  but  this  is  simply  hol- 
lowed out  of  the  substance  of  the  body,  and  does  not  lie  in  a 
free  space,  or  "  perivisceral  cavity."     The  intestinal  canal  is 
often  much  branched,  and  possesses  but  a  single  external 
opening,  which  serves  alike  as  an  oral  and  an  anal  aperture, 
and  is  usually  placed  at  the  bottom  of  an  anterior  suctorial 
disc.     The  sexes  are  mostly  united  in  the  same  individual 
A  "  water-vascular "  system  is  always  present,  and  consists  of 
two  lateral  vessels  which  generally  open  on  the  surface  by  a 
common  excretory  pore.     The  nervous  system  consists  of  two 
phar)mgeal  ganglia.   With  few  exceptions,  the  sexes  are  united 
in  the  same  individual;  and  the  young  may  be  developed 
directly  into  the  adult,  or  may  pass  through  a  complicated 
metamorphosis,  which  varies  in  different  cases,  and  does  not 
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of  description  here.  In  many  cases,  the  larvae  are 
lifonn,"  or  "tailed;"  and  one  of  the  early  stages  of 
linence  is  often  spent  In  the  interior  of  fresh-water 
S,  from  which  they  are  finally  transferred  to  their  de- 
host 

"Flukes"  inhabit,  in  their  adult  condition,  the  most 
situations.  Most  are  internal  parasites,  living  in  the 
es  or  hepatic  ducts  of  mammals,  birds,  or  batrachians, 
reous  humour  or  lens  of  the  eye,  the  blood-vessels,  &c. 
are  external  parasites,  living  on  the  skin  and  gills  of 
izustaceans,  and  other  animals. 

the  absence  of  a  perinsceral  cavity,  the  Tremalada  vitie  (orrtiKA  by 
DIO  >  Kparate  division  of  Entosoa,  under  ihc  name  of  Vers  Inles- 
^araukymateux^  along  with  the  Ttritiada  and  A^anthocifihala,  in 
a  mliineDtary  canal  is  presenL  By  Owen,  for  the  same  reason, 
included  in  a  distinct  class,  under  the  name  of  SterrtmiiUha. 
"H^ma  {Faieiela)  kipalicum  (tig.  loz,  1)  may  be  taken  as  the  type 
X^rtmatoda.  It  is  the  common  "Livcr-lluke  "  of  the  sheep,  and 
the  gall-bladder  or  biliary  ducts,  giving  riw  to  the  disease  known 
'rot.  In  form  it  is  ovate,  and  flattened  on  its  two  sides,  and  it' 
two  suctorial  discs,  the  anterior  of  which  is  perforated  by  the 
of  ibe  mouth,  whilst  the  posterior  is  impervious.  Between  the 
■  the  "genital  pore,"at  which  the  efferent  ducts  of  the  reproduc- 
■Q*  open  on  the  exterior.     A  branched  water-vascular  system  is 


(AAsOiren.) 


d  (£u(ihas<"  1  '  Alimcnluy 


and  opens  posteriorly,  by  a  small  aperture.  The  alimentary  canal 
*  shortly  behind  the  mouth,  the  two  divisions  thus  produced  giv- 
mmeroiu  lateial  diverticula,  and  leiminating  posteriorly  in  blind 
tx.  The  nervous  system  consists  of  two  cephalic  ganelia,  giving 
ml*  both  forwards  and  iMickwards.  The  embryo  of  Dittama,  on 
u^  fixMti  the  egg,  is  inversely  conical  in  shape,  and  is  covered 
a  J  but  !t  appears  soon  to  lose  its  cilia,  and  to  become  "  cercari- 
bandoning  its  free  aquatic  life,  and  enlerinj;  into  the  body  of  some 
XT  molloic  When  its  host  is  eaten  hy  some  mammal  the  larva 
l«  it*  malBR  (tage  of  development   The  adnit  JA'tlema  htfatiann 
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is  found  in  the  sheep,  ox,  horse,  ass,  hare,  deer,  &&«  and  oocasioiudly  in 
man. 

In  Distonia  lanceolatum  (fie.  102,  2)  the  intestine  has  not  the  ramose, 
complex  character  of  that  ot  Z>.  htfaticum.  On  the  other  hand,  the  ali- 
mentary  canal,  after  its  bifurcation,  is  continued  on  each  side  of  the  bodr 
to  the  posterior  extremity  without  giving  off  any  branches  on  the  way,  and 
it  terminates  simply  in  blind  extremities.  It  occurs  in  the  liver  of  the  ox, 
sheep,  pig,  &c.,  and  has  been  likewise  detected  in  man. 

The  only  other  Trematode  which  need  be  mentioned  is  the  carioos 
Gymecophorus  {Bilharzia)  Aamaladius,  which  occurs  abundantly  in  the  in- 
terior  of  the  blood-vessels  of  the  human  subject  in  certain  regions  (Egypt* 
South  Africa,  Mauritius),  and  has  also  been  found  in  a  similar  situation  in 
monkeys.  The  sexes  are  distinct  in  this  form,  the  male  beine  about  half 
an  inch,  whilst  the  female  is  nearly  an  inch  in  length,  and  both  being  ver- 
miform in  shape. 

Order  Turbellaria. — Leaf-like  or  vermiform  ScoUdis^ 
rarely  parasitic^  with  a  month  atid  alimentary  canal,  and  some- 
times a  body-cavity  ;  integument  ciliated.  Sexes  united  or  distind. 
The  members  of  this  order  are  almost  all  aquatic,  and  are  all 
non-parasitic ;  thus  differing  entirely  from  the  animals  whidi 
compose  the  two  preceding  orders.  Their  external  surface  is 
always  and  permanently  ciliated,  and  they  never  possess  either 
suctorial  discs  or  a  circlet  of  cephalic  booklets.  A  "water- 
vascular  system"  is  present,  opening  externally  by  one  or 
more  apertures,  or  appearing  to  be  entirely  closed  in  the  adult 
{Nemertida),  The  alimentary  canal  is  imbedded  in  the  pareo- 
chyma  of  the  body  {Planarida),  or  is  freely  suspended  in  a 
"perivisceral  cavity"  {Nemertida),  The  mtestine  is  either 
straight  or  branched,  and  a  distinct  anal  aperture  may,  or  may 
not,  be  present.  The  nervous  system  consists  of  ganglia  situ- 
ated in  the  fore-part  of  the  body,  united  to  one  another  by 
transverse  cords,  and  sending  filaments  backwards. 

The  Turbdlaria  are  divided  into  two  sections,  termed 
respectively  the  Planarida  and  the  Nemertida. 

Sub  order  L  Planarida. — ^The  Planarians  (fig.  103)  aw 
mostly  ovoid  or  elliptical  in  shape,  flattened  and  sofl-bodied 
They  are  for  the  most  part  aquatic  in  their  habits,  occurrin( 
in  fresh  water,  or  on  the  sea-shore,  but  occasionally  found  ii 
moist  earth.  The  integument  is  abundantly  provided  witl 
vibratile  cilia,  which  subserve  locomotion,  and  it  also  contain 
numerous  cells,  which  have  been  compared  to  the  "  cnidae,*  0 
nettle-cells,  of  the  Ccelentcrata,  There  is  always  a  consideraUi 
portion  01  the  body  situated  in  front  of  the  mouth,  constitui 
ing  the  so-called  "  prae-oral  region,"  or  "  prostomium  ; "  ani 
this  is  often  modified  into  a  singular  protrusible  and  retractil 
organ,  called  the  "  proboscis,"  the  exact  use  of  which  is  nc 
knoi;(*n.     The  mouth  opens  into  a  muscular  pharynx,  which  i 
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oAn  erotible ;  and  the  iDtestiue  may  be  either  straight  ot 
hmcbed,  but  always  terminates  csecally  behind,  and  is  never 


rrorided  with  an  anal  aperture.   The  "  water-vascular  system  " 

canuminicates  with  the  exterior  by  two  or  more  contractile 
^xrtDtes.  The  nervous  system  consists  of  two  ganglia,  situ- 
acd  in  front  of  the  mouth,  united  by  a  commissure,  and 
ginng  off  filaments  in  various  directions.  Pigment- spots,  or 
ndimentaiy  eyes,  from  two  to  sixteen  in  number,  are  often 
pRsent,  and  are  always  placed  in  the  prjc-oral  region  of  the 
Wy.  The  male  and  female  organs  are  united  in  the  same 
indinduat,  and  the  process  of  reproduction  may  be  either 
wmal,  by  means  of  true  ova,  or  non-sexual,  by  internal  gem- 
nation  or  transverse  fission. 

The  Planarians  have  been  divided  into  two  sections,  as 
oDows: — 

Sedion  A.  Rhabdooela. — Intestine  straight,  not  branched ; 
ody  elongjUed,  rounded,  or  oval. 

Sation  R  Dendroc<ela. — Intestine  branched  or  arbores- 
nt;  body  flat  and  broad, 

SuBKiRDER  II.  Nemertida.^ — The  Nemeriida,  or  "  Ribbon- 
onns,"  agree  in  most  essential  respects  with  the  Planarida. 
hey  are  distinguished,  however,  by  their  elongated,  vermi- 
nn  shape,  by  Die  presence  of  a  distinct  anus,  by  the  posses- 
on  of  a  distinct  perivisceral  cavity,  by  the  absence  of  an 
[tcmal  aperture  to  the  water- vascular  system  of  the  adult, 
td  by  the  fact  that  the  sexes,  with  one  or  two  exceptions,  are 
ttinct.  The  Netnertida  further  differ  from  the  other  Platyd- 
'  g  a  pseudohsemal  system  in  addition  to,  and 
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d!stiDct  from,  the  water-vascular  system.    The  external  surface 
of  the  body  is  richly  ciliated,  and  is  underlaid  by  a  thick 
glandular  cutis,  beneath  which  are  well-developed  sub-cutane- 
ous muscles.      The  digestive   canal  is 
"  ciliated  internally,  and  consists  of  a  mus- 

cular gullet,  a  sacculated  stomach,  and 
an  intestine  with  a  distinct  anus.  The 
nervous  system  consists  of  two  laige 
cephalic  ganglia,  united  by  a  double  com- 
missure, and  sending  lat^al  cords  back- 
wards. The  so-called  "circulatoiy  ayi- 
tem  "  is  composed  of  closed  contractile 
vessels,  sometimes  containing  a  cotpuscu- 
lated  fluid.  "  Along  the  median  line  rf 
the  dorsum  lies  a  special  muscular  sheath. 
containing  a  complicated  proboscis,  ud 
a  highly  organised  corpuscular  fluid,  bodi 
the  sheath  and  the  proboscis  passisg 
between  the  commissures  of  the  gan^ 
in  front"  (M'Intosh).  The  evertibleand 
muscular  sheath  of  the  proboscis  may  be 
as  long  as  the  whole  body,  and  the  QC- 
tremity  of  the  latter  may  or  may  not  be 
protected  by  one  or  more  spines  (fij 
104).  The  sexes  are  mostly  in  sepanK 
individuals,  and  the  generative  orgui 
have  the  form  of  sacs  placed  between  the 
muscular  walls  of  the  body  and  the  diged- 
e  canal,  and  disch.irging  their  conteiitl 


(A6cr  Ccginbaur  ) 


_  ._, Reproduclion  laltes  place  by  the  fontatioorf 

m  U  very  snuilL     inie  ova,  by  internal  gemmation,  or  by  li«nOTWi 
In   Ncmertes,  however,   the  egj  p'<» 

.-  a  larva,  frum  which  the  adult  is  dcvelopid 

in  a  manner  closely  analogous  10  tha.t  described  as  characteristic  o(  the 
Echinodermala.  The  larval  form  of  Nemerlfs  was  described  by  Johiiix* 
MuUer,  under  the  name  of  Pilid'mm  (fig.  103,  4),  It  is  "a  smail  bdlH^ 
shaped  larva,  with  a  long  flageltuin  Attached  like  a  plume  to  the  summil  cf 
the  helmet,  the  edges  and  side-lobes  of  vrhich  are  richly  ciliated.  A  Bmde 
alimentary  caiial  opens  upon  the  under  surface  of  the  body  bctveen  1^ 
lobes.  In  this  condition  the  larva  snlms  about  freely  ;  but,  after  1  vMI^ 
a  mass  of  formative  matter  appears  on  one  side  of  the  alimentaij  caMl. 
and  elongating  gradually,  takes  on  a  worm-like  figure.  Eventually  it  gn** 
round  the  alimentary  canal,  and  appropriating  it,  detaches  itself  from  ttg 
PUidium  as  a  Nemertid — provided  with  the  charmcteristic  probosdii  »* 
the  other  organs  of  that  group  «>f  TurbtUario"  (Huxley).     Whilst  •^•"^ 

.1 .!j .1   _  J-    <(^ed  by  internal  '^   '"—  '- 

"  oihen  exhibit  1 
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^nctlj  developed  into  the  adult  form,  without  undergoing  any  striking 
metamorphosis. 

Whilst  the  Nemerteans  undoubtedly  show  very  close  affinities  to  the 
Phmriani,  they  are  also  nearly  related  to  the  Annelida  proper,  both  as 
regards  their  general  form  and  their  internal  structure.  One  of  the  most 
remarkable  of  the  links  between  these  two  groups  is  to  be  found  in  Balano- 
iiusus,  the  systematic  position  of  which  is  still  uncertain.  This  extraor- 
(iioary  worm  is  found  burrowing  in  the  sand  in  the  Mediterranean  and 
akx^  the  eastern  coasts  of  North  America,  and  possesses  a  flattened  worm- 
like  body,  terminatinp  in  front  in  a  protrusible  hollow  proboscis.  I'he  exter- 
nal integument  is  ciliated,  as  in  the  Nemerteans,  and  there  are  no  setiform 
oipns  of  locomotion,  such  as  are  found  in  so  many  Annelides.     A  water- 

;■     vascolar  system  is  present ;  there  is  a  well-developed  alimentary  canal ; 

^  tad  the  process  of  respiration  is  carried  on  by  means  of  a  singular  branchial 
ac  formed  by  a  chitinous  framework  with  ciliated  apertures,  somewhat 
smihr  to  the  "  branchial  sac  "  of  an  Ascidian  ;  whilst  the  sexes  are  in  dif- 
ferent individuals.  The  most  remarkable  point,  however,  about  Ba/ano- 
gltsnu  is  its  mode  of  development  The  larva  is  a  free-swimming,  barrel- 
dbped,  dilated  body,  which  was  originally  discovered  by  Miiller,  and 
denibed  by  him  under  the  name  of  Tomaria,  as  the  young  of  some  Star- 
&I1.  In  spite  of  its  close  resemblance  to  the  larvae  of  the  Kchinoderms,  A. 
Apanz  has,  however,  succeeded  in  showing  that  Tamaria  is  really  the 
jwog  of  Balanoglossits,  and  that  it  is  developed  into  the  adult  by  a  rapid 
cktt^  not  accompanied  by  any  absorption,  or  casting  ofl*,  of  any  portion 
of  the  original  larva. 

The  Nemerteans  are  mostly  marine  in  their  distribution,  a 
feir  forms  inhabiting  fresh  water,  and  one  being  found  in  moist 
places  on  land.  They  are  found  from  the  arctic  seas  to  the 
equator,  most  of  them  being  littoral  in  their  habits,  though 
lome  live  at  considerable  depths.  Recently,  Mr  Moseley  has 
described  a  peculiar  group  of  Nemerteans  under  the  name  of 
fdt^jMtmertiday  which  are  pelagic  in  their  habits.  These 
oceanic  forms  have  a  broad,  gelatinous,  flattened  body,  and  a 
omified  digestive  tract,  and  thus  make  a  near  approach  to  the 
dendroccelous  Planarians.  No  certain  remains  of  Nemertids 
se  known  to  occur  in  the  fossil  state,  though  some  obscure 
nemains  have  been  referred  to  this  group. 


CHAPTER    XXVI. 
NEMATELMIA. 

I.  ACANTHOCEPHALA.      2.    GORDIACEA.      3.    NeMATODA. 

DnnsiON  II.  Nematelmia.  —  This  section  may  be  consid- 
sid  as  comprising  those  Scolecids  in  which  the  body  has  an 
fatgated  and  cyhndrical  shape.    Strictly  speaking,  it  should 
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include  the  NanerHda,  but  the  division  is  not  fouttd 
anatomical  characters,  and  is  employed  here  simply 
venience.  Most  of  the  Na 
possess  an  annulated  integuiii< 
there  is  no  true  segmentation,  a 
are  rarely  any  locomotive  api 
attached  to  the  body.  The 
are  unisexual,  and  parasitic  dv 
whole  or  a  part  of  their  e 
Three  orders  are  comprised 
division  — viz.,  the  Aeanthoctp, 
Gordiacea,  and  the  Nemaioda. 
Order  I.  Acanthocephal 
miform  internal  parasites^  viithd 
or  alimentary  canal,  and  Aavin 
terior  protrusibk  proboids  an 
recurved  hooks.  Sexes  distinct. 
The  Acanthocephala  are  entii 
sitic,  vermiform  m  shape,  and  e 
any  mouth  or  alimentary  cam 
front  end  of  the  body  (fig.  i( 
developed  into  a  retractile  pi 
which  is  covered  with  trans versi 
recurved  hooks,  and  by  means 
the  parasite  attaches  itself  to 
"M»^of£c*-  of  the  intestine  of  its  host  Thi 
rfjuM/ju, «.-  ment  {c  c)  is  highly  muscular, 
"'"  "  '  *  proboscis  is  contained  within 
;  muscular  sheath,  and  can  be  i 

_       .  ,   by  special  muscular  bands  (m 

ISil^".'itii™»rium'-  «*«  ^'^  ^^^  °^  ^^  proboscis  is  ] 
Retractor  muKit  J  of  ihipro.  slnglc  ncrvous  ganglion,  and  it 
^1ira'ii^h.^f^nic^:  extremity  is  prolonged  into  /, 
ment.  (After irfucLart.)  called  "ligamcntum  suspenso 
fibrous  band,  which  supports 
erative  organs.  The  sexes  are  in  different  individual 
water-vascular  system  is  in  the  form  of  subcutaneous  rci 
canals  which  are  connected  with  two  saccular  organs  i 
nisei "  [b  d),  placed  on  each  side  of  the  base  of  the  pi 
but  the  vessels  of  this  system  do  not  appear  to  comr 
with  the  exterior. 

The  order  Acanthocephala  includes  only  one  genus, 
Echinorhynchus,  the  genus  Koleops  being  doubtAilly 
here.  All  the  Echinorhynchi  inhabit  in  their  adult  o 
the  intestines  of  fishes,  birds,  or  mammals,  and  Ui 


lireed  abmit  twelve  lime 
Pnibiiiai ;  ■■  Neck :  i  > 
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through  a  metamorphosis.  The  eggs  are  swallowed  by  crusta- 
ceans or  insects,  and  give  exit  to  free  vermiform  embryos, 
armed  with  hooks.  These  burrow  out  of  the  intestine  of  their 
host  and  encyst  themselves  in  its  tissues,  not  becoming  finally 
developed  till  their  bearers  may  be  eaten  by  some  vertebrate 
animal  Thus,  the  embryos  oi Echinorhynchus  gigas  of  the  pig 
inhabit  the  larvae  of  the  cockchafer,  whilst  those  of  E,  angus- 
iatus^  of  Cjrprinoid  fishes,  live  in  the  interior  of  fresh-water 
crustaceans. 

Order  II.  Gordiacea. —  Vertniform  Scolmda^  parasitic  in 
insects  during  a  portion  of  their  existence.  An  imperfectly-devel- 
oped  alimentary  canal  or  none.  Water-vascular  system  rudi- 
moitary  or  absent.     Sexes  distinct. 

The  Gordiacea,  or  **  Hair-worms,"  are  thread-like  Scolecids, 
often  singularly  like  hairs  in  appearance,  which  live  in  the 
interior  of  various  insects  during  part  of  their  life.  The 
digestive  system  is  imperfect,  an  anal  aperture  being  univer- 
sally wanting.  In  Mermis,  the  gullet  ends  in  a  blind  sac ;  in 
Gtfrdiusj  the  digestive  tube  opens  into  the  body-cavity ;  and 
in  SpharulariOy  the  mouth  appears  to  be  wanting.  The  sexes 
are  in  different  individuals.  In  Gordius  itself,  the  embryo  is 
^  and  aquatic,  having  a  retractile  snout  armed  with  booklets, 
bj  means  of  which  it,  after  a  time,  bores  its  way  into  the 
tissues  of  some  water-insect,  in  which  it  encysts  itself.  The 
sexually-mature  worms  are  found  in  the  intenor  of  Orthoptera 
or  Neuroptera;  but  they  leave  their  hosts  and  betake  them- 
selves again  to  an  aquatic  existence  for  the  purpose  of  laying 
their  eggs.  The  adult  Mermis  is  found  principally  in  Lepidop- 
tera;  whilst  Spharularia  inhabits  the  body-cavity  of  Bumble- 
bees. 

Order  III.  Nematoda  (or  Nematoided), — Cylindrical  vermi- 
form ScdecidSy  sometimes  parasitic,  sometimes  free ;  integument 
Mt  ciliated;  a  well-developed  alimentary  canal y  with  a  mouth 
9nd  anus^  suspended  freely  in  a  body-cavity;  sexes  distinct,  or^ 
nrdy,  united. 

The  Nematoda  comprise  the  so-called  "  Thread-worms  "  and 
"  Round-worms,"  and,  as  their  various  names  imply,  possess  a 
rounded  and  worm-shaped  body  (fig.  106,  a),  sometimes  of 
great  length.  The  cuticle  is  chitinous  and  porous ;  and  there 
is  generally  distinct  anntilation,  though  no  true  segmentation 
exists.  The  alimentary  system  is  well  developed,  the  mouth 
beir^  anterior,  and  usuially  furnished  with  papillae  (fig.  106,  c). 
The  gullet  opens  into  a  muscular  stomach,  from  which  an  in- 
testine conducts  to  a  ventrally  or  terminally  placed  anus ;  the 
vhde  digestive  tube  being  freely  suspended  in  a  body-cav\ty, 
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which  is  filled  with  a  sparsely  corpusculated  fluid.  Tt 
water-vascular  system,  composed  of  lateral  tubes,  whii 
on  the  surface  by  a  ventrally- placed  pore.  The 
system  is  in  the  fonn  of  a  ganglionic  ring,  surrouiuj 
gullet,  and  sending  filaments  backwards  and  forward 
sexes  are  mostly  distinct,  the  exteinal  openings  of  th< 
ductive  organs  being  placed  near  the  anus.    The  m 
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usually  less  frequently  met  with  and  of  smaller  size  tl 
females,  and  they  possess  a  single  or  double  spicuU 
(fig.  1 06,  b).  Metamorphosis  may  or  may  not  occur 
development 

As  before  said,  most  of  the  Nanatoda  are  mtemal  p 
inhabiting  the  alimentary  canal  the  pulmonary  tub«, 
areolar  tissue,  in  man  and  in  many  other  venebrat«  a 
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but  a  large  section  of  the  order  are  of  a  permanently  free  habit 
of  existence. 

Amongst  the  more  important  members  of  the  parasitic 
section  of  the  Nematoda  may  be  mentioned  the  Ascaris  lum- 
^riandes,  the  Oxyuris  vermicularisy  the  Trichocephalus  dispar, 
the  Sderostoma  duodmaley  the  Dracunctdus  medinmsisy  and  the 
TriMia  spiralis. 

T^t  Ascaris  lumbricoidesy  or  common  Round- worm,  inhabits  the  intestine 
of  man,  and  sometimes  of  other  mammals,  especially  the  pig,  often  attain* 
ing  a  length  of  several  inches.  The  ova  are  expelled  with  the  faeces,  and 
tiK  embryo  is  developed  within  the  ovum 
prior  to  its  rupture,  out  not  till  after  the 
Im  of  sevenil  months  (fig.  106,  d\ 
When  fully  formed,  the  embryo  is  about 
one-hnndredth  of  an  inch  in  length,  and  its 
derelopineiit  is  not  exactly  known,  though  it 
appears  to  be  directly  transferred  from  river 
or  pond  water  to  the  alimentary  canal  of  its 
IttSL  The  body  of  the  adult  (bg.  106,  a)  is 
cylindrical,  attenuated  at  both  extremities. 
At  the  anterior  extremity  is  a  sub-triangular 
month,  nrronnded  by  Uiree  tubercles  (fig. 
io6i  t\  The  anus  is  situated  posteriorly. 
The  females  are  larger  than  the  males,  and 
ire  much  more  numerous.  These  parasites 
are  much  more  common  in  children  than  in 
adoltSi  and  they  often  occur  in  considerable 
onmbos.  They  are  usually  found  in  the 
small  intestine,  though  they  sometimes  wan- 
der into  other  situations. 

The  Oxyuris  vermicularisy  or  "Small 
Thread-worm,"  (fig.  106,  ^,  /  ^  is  a  gre- 
fuioQs  worm,  which  inhabits  the  rectum, 
especially  of  children.  It  is  the  smallest  of 
the  intestinal  worms  of  man,  its  average 
jo^  not  being  more  than  a  quarter  of  an 
ra,  bat  the  females  are  much  bigger  than 
the  males. 

The  Trichocephcdus  dispar  inhabits  the 
CMun  of  man.  It  is  from  one  and  a  half 
to  two  indies  in  length,  and  the  anterior 
tvo-tbirds  of  the  body  is  extremely  attenu- 
ated and  thread-like. 

The  Sclcrostoma  duodenale  inhabits  the 
snail  intestine  in  the  human  subject,  and 
ii&rfirom  uncommon  in  Italy  and  in  Egypt 
It  tines  in  size  from  one-third  of  an  inch  to 

Uf  an  inch,  the  females  being  the  largest;  and  the  symptoms  to  which  it 
1^  rise  are  often  of  a  serious  character. 

The  Trichina  spiralis  is  a  singular  Nematoid,  which  gives  rise  to  a  pain- 
^and  very  generally  fatal  train  of  symptoms,  somewhat  resembling  rheu- 
*tfic  fever,  and  known  as  Trichiniasis.  The  Trichina  is  known  in  two 
dBfimnt  cooditioiiSy  aexnally  inunature  or  mature.     In  its  sexually  im- 


Fig.  lojr.  —  Free  Nematoids.  A, 
Anguillula  aceti;  B,  Dory- 
UutHMS  stagnaJit,  Magnified. 
(After  Bastian.) 
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mature  condition  it  inhabits  the  muscles,  usually  of  the  pig,  in  ^ 
numbers,  each  worm  (fig.  io6,  /)  being  coiled  up  in  a  little  capfink 
cyst  In  this  condition  the  worm  is  incapable  of  further  developmc 
and  may  remain,  apparently  for  an  indefinite  period,  without  cluuii|«,  i 
without  seeming  to  produce  any  injurious  results  to  the  animal  aBect 
If,  however,  a  portion  of  trichinatous  muscle  be  eaten  by  a  warm-blooi 
vertebrate,  and  so  introduced  into  the  alimentary  canal^  an  immedi 
development  of  young  Trichina  is  the  result.  The  immature  wtH 
escape  from  their  enveloping  cysts,  grow  larger,  develop  sexual  oiga 
and  give  birth  to  a  numerous  progeny,  which  they  produce  viviparous 
The  young  Trichina  thus  produced  perforate  the  walls  of  the  aumenb 
canal,  and,  after  working  their  way  amongst  the  muscles,  become  encysti 
If  the  animal  in  which  these  changes  go  on  has  sufficient  vitality  to  b 
up  under  the  severe  symptoms  which  are  produced  by  the  migration  of  I 
Trichina^  he  is  now  safe;  since  they  cannot  become  sexually  mature, 
develop  themselves  further,  imtil  again  transferred  to  the  alimentary  cai 
of  some  other  animal. 

The  Guinea-worm  {Dracuncuius  or  Filaria  medimnsis)  is  a  Nemato 
worm,  which  inhabits,  during  one  stage  of  its  existence,  the  cellular  tiss 
of  the  human  body,  genersuly  attacking  the  legs,  and  often  attaining 
length  of  several  feet.  All  known  speamens  of  this  parasite  are  impre 
nated  females,  containing  a  large  number  of  young.  The  worm  ranti 
imbedded  in  the  body,  in  a  more  or  less  quiescent  condition,  for  a  yesr  • 
more,  at  the  end  of  which  time  it  seeks  the  surface,  in  order  to  get  xid  i 
its  young.  No  external  aperture  to  the  genital  organs  has  hitlieito  bee 
proved  to  exist,  and  it  seems  possible  that  the  young  are  produced  witbi 
the  body  of  the  parent  by  a  process  of  internal  gemmation.  The  yojn 
Filaria  (fig.  io6,  ^  and  f )  consists  of  a  vermiform  body,  terminating  in 
hair-like  tail ;  and  when  set  free  from  the  parent,  its  further  developmfl 
probably  takes  place  in  water,  when  it  is  believed  to  be  converted  into  on 
of  the  "Tank- worms"  so  common  in  India.  In  this  condition,  itispa 
sible,  as  some  believe,  that  sexual  organs  are  developed,  and  that  tli 
females  are  impregnated.  The  worm  is  believed  to  gain  access  to  tl 
body  of  bathers,  when  still  extremely  minute.  According  to  Dr  Bastiti 
however,  it  appears  probable  that  the  Guinea-worm  **  is  a  parasite  on) 
accidentally,  and  that  it  and  its  parents  were  originally  free  Nematoids.** 

The  second  section  of  the  Nematoda  comprises  worms  which  are  not  i 
any  time  parasitic,  but  which  are  permanently  free.  These  "free  Ncnu 
toids  "  (fig.  107)  constitute  the  family  of  the  Angtiillulida^  of  which  tboi 
two  hundred  species  have  been  already  described,  mostly  inhabiting  frn 
water  or  the  shores  of  the  sea.  They  resemble  the  parasitic  Nematoidi  i 
all  the  essential  features  of  their  anatomy,  but  they  differ  in  often  news 
ing  pigment -spots,  or  rudimentary  eyes,  in  being  mostly  provided  wtth 
terminal  sucker,  and  in  bringing  forth  comparatively  few  ova  at  a  tin 
the  dangers  to  which  the  young  are  exposed  being  much  less  than  m  ti 
parasitic  forms.  Amongst  the  more  familiar  free  Nematoids  are  the  Vin 
gar  Eel  {Anguillula  aceti,  fig.  107,  A)  and  the  Tvlenchus  (or  VibriQ)  iriA 
which  produces  a  sort  of  excrescence  or  gall  upon  the  ear  of  wheat,  CUBO 
the  disease  known  to  farmers  as  the  "  Purples,"  or  "  Ear  Cockle." 

The  parasitic  and  free  Nematoids  are  connected  together  by  an  Asetn 
{A,  ni^ovenosa)y  which  in  succeeding  generations  is  alternately  free  ai 
parasitic.  This  Ascaris  has  long  been  known  as  inhabiting  tne  Xviap 
the  frog,  but  it  has  been  shown  by  Mecznikow  that  "  the  youn^  old 
animal  become  real  free  Nematoids;  for,  after  passing  from  the  mtotii 
of  the  frog  into  damp  earth  or  mud,  they  grow  rapidly,  and  actuil 
develop  in  the  course  of  a  few  days,  whilst  still  in  this  external  media 
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■n^  mature  anfanals.  Voong,  differing  somewhat  in  external 
inom  their  parents,  are  soon  product  by  them,  and  these 
erely  a  certain  stage  of  development  whilst  in  the  moist  earth. 
It  sexual  maturity  only  after  they  have  become  parasites^  and  are 
d  in  the  lung  of  the  frog  "  (Bastian).  This  extraordinary  history 
ed  still  more  remarkable,  if  it  should  be  proved  that  the  young  of 
Blic  forms  of  this  Ascaris  are  produced  by  a  process  of  partheno- 
waA  this  seems  to  be  highly  probable,  since  none  of  the  indivi- 
idi  are  found  as  parasites  are  males,  but  are  universally  females. 


CHAPTER    XXVII. 
ROTIFERA, 

iS8  RonrERA  {Rotatoria). — The  Rotifera,  or  "Wheel- 
mles,"  constitute  a  very  natural  group,  the  exact  posi- 
'  which  has  been  a  good  deal  disputed,  and  is  still 
iL  They  are  looked  upon  here  as  a  distinct  division 
Seoiecida  ;  but  they  are  very  frequently  placed  with  the 
ia  amongst  the  lower  division  of  the  Anmdosa  (Anar- 

RcHftra  are  Annuloida  of  a  minute  size^  never  parasitic, 
img  water ^  and  usually  provided  with  an  anterior  ciliated 
pUble  of  inversion  and  eversion.     In  the  females  there  is  a 

mouthy  intestinal  canal,  and  anus,  A  nervous  system  is 
'eunty  consisting  of  ganglia,  situated  near  the  anterior  ex- 
of  the  body,  and  sending  filaments  backwards.  A  water- 
\r  system  is  also  present.  The  sexes  arc  distinct. 
t  of  the  Rotifera  are  entirely  invisible  to  the  naked  eye, 
ey  are  all  extremely  minute,  none  of  them  attaining  a 
'  length  than  i  -  36th  of  an  inch.  Nevertheless,  as 
:ed  by  Mr  Gosse,  "so  elegant  are  their  outlines,  so 
itiy  translucent  their  texture,  so  complex  and  yet  so 

their  organisation,  so  curious  their  locomotive  wheels, 
que  their  apparatus  for  mastication,  so  graceful,  so 
jSy  so  fleet,  and  so  marked  with  apparent  intelligence, 
Dovements,  so  various  their  forms  and  types  of  struc- 
that  they  form  one  of  the  most  interesting  departments 
logical  and  microscopical  study.  They  are  all  aquatic 
ir  habitSy  and  in  the  great  majority  of  cases  are  free- 
ing animalsi  some,  however,  being  permanently  fixed, 
:he  case  with  Stephanoceros^  Melicerta  (fig.  108,  B),  and 
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Floscuiaria,  They  are  usually  simple,  but  are  occasional] 
composite,  forming  colonies,  as  in  MegeUotrocha,  As  a  ml* 
the  male  and  femde  Rotifera  differ  greatly  from  one  anothc 
the  males  being  smaller  than  the  females,  destitute  of  an 
masticatory  or  digestive  apparatus,  and  more  or  less  closd 
resembling  the  young  form  of  the  species.  The  most  chaia/ 
teristic  organ  in  the  great  majority  of  the  Rotifera  is  the  s< 
called  "  wheel-organ,"  or  "  trodial  disc,"  which  is  always  siti 
ated  at  the  cephsdic  or  distal  end  of  the  body,  and  consists  < 
a  retractile  disc,  surrounded  by  a  circlet  of  cilia,  which,  whc 
in  action,  vibrate  so  rapidly  as  to  produce  the  illusory  in 
pression  that  the  entire  disc  is  rotating. 

The  disc,  which  carries  the  cilia,  is  capable  of  eversic 
and  inversion,  and  may  be  circular,  reniform,  bilobed,  fou 
lobed,  or  divided  into  several  lobes.  It  serves  the  purpoi 
of  locomotion  in  the  free-swimming  forms,  acting  somewhi 
like  the  propeller  of  a  screw-steamer ;  and  in  all  it  serves  1 
produce  currents  in  the  water,  which  convey  the  food  to  tl: 
mouth. 

In  ChatonotuSy  and  some  other  forms,  there  is  no  tR 
wheel-organ,  capable  of  protrusion  and  retraction,  but  the  cil 
are  variously  disposed  over  the  surface  of  the  body.  Tl 
ChcBionoti  or  Hairy-backed  Animalcules  have  no  jaws,  ai 
have  the  ventral  surface  of  the  body  clothed  with  cilia.  The 
have  usually  been  placed  in  the  Turbdlaria^  but  there  seei 
to  be  good  reasons  for  regarding  them  as  an  aberrant  group  c 
Rotatoria,  Balatro  and  Apsilus  are  non-ciliated  in  the  adul 
condition. 

The  proximal  extremity  of  the  body  in  the  free  forms  ta 
minates  in  a  caudal  process,  or  "  foot,**  sometimes  telescopic 
which  ends  in  a  suctorial  disc,  or  in  a  pair  of  diverging  "  toes, 
which  act  as  a  pair  of  forceps  (fig.  io8.  A). 

The  mouth  usually  opens  into  a  pharynx,  or  '*bucca 
funnel,"  which  is  generally  provided  with  a  muscular  coal 
constituting  the  "  mastax  "  or  "  pharyngeal  bulb,"  and  whic 
generally  contains  a  very  complicated  masticatory  apparatus. 
The  parts  of  this  apparatus  are  homy,  and  are  believed  b 
Mr  Gosse  to  be  homologous  with  the  parts  of  the  mouth  i 
insects.  In  the  females  of  almost  all  known  species  of  Ro^Jo 
the  intestinal  canal  is  a  more  or  less  simple  tube,  extendii 
through  a  well-developed  perivisceral  cavity,  and  terminatii 

•  The  lower  jaws,  or  **  incus,"  consist  of  a  fixed  portion,  the"fulcnin 
to  which  are  attached  two  movable  blades— the  "rami."  The  upper  ^i 
or  "mallei,"  consist  each  of  a  handle,  or  "manubrium,"  to  which  is  hin^ 
a  toothed  blade,  or  ** uncus." 


ANNULOIDA:  ROTIFERA.  235 

posteriori^  in  a  dilatation,  or  "cloaca,"  which  fonns  the  com- 
mon outlet  for  the  digestive,  generative,  and  water- vascular 
litems 


mioo  giving  filament  to  QlLaicd  pit  oS:  "  Oniy.    B,  MiUcirta  riigtn.    (After 

In  both  sexes  there  is  a  well -developed  water-vascular  sys- 

Kn,  usually  consisting  of  the  following  parts : — 

In  tlw  hinder  part  of  the  body,  close  to  the  cloaca,  and  openin?  into  it, 

it  Be  or  vesicle,  which  is  tenn«l  the  "cumiactile  bladder,"  andexhibils 

■l^lbiiical  contrsctions  and  dilatatiotis.       Fiom  Ihe  contractile   bladder 

Pnceo!  two  tabes — "the  respiratory  tubes" — vrhich  pass  forwards  aloii); 

;      ta  ndct  of  the  body,  and  terminate  anteriorly  in  a  manner  not  quite  ascer- 

'"otA,    Attached  to  the  sides  of  the  respiratory  tubes,  in  all  the  larger 

^^fira,  K  a  series  of  ovate  or  pyrifonn  vesicles,  each  of  which  is  furnished 

ounally  with  ■  single  central  cilium,  which  is  fixed  to  the  free  end  of  ibe 

niide;     It  is  asserted,  however,  ihal  these  ciliated  vedcles  communicate 

Mentally  with  the   perivisceral  cavity  with  its  contained  corpusculated 

Slid.    The  exact  fiinction  of  this  water-vascular  system  is  not  known,  but 

il  ii  most  probably  respiralory  and  excretory.     Dr  Leydig  believes  that 

■Uer  enters  the  perivisceral  cavity  by  endosmose,  n'here  it  mingles  with 

tke  absorbed  prodacts  of  digeslion,  to  form  the  so-called   "chylaqueous 

fcid ; "  and  that  the  effete  fluid  is  eicreted  by  the  respiratory  tul)cs,  and 

■Idmately  discharged  into  the  cloaca  by  the  contractile  bladder.     Taking 

Us  view  of  the  subject,  Mr  Gosse  believes  that  "  the  respiratory  tubes  re- 

[ntetit  the  kidneys  and  that  the  bladder  is  a  true  urinary  bladder  ; "  and 

cMKqnently  th«t  "  the  icipiratory  and  urinary  function!  are  in  the  closest 
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relation  with  one  another."  This  observer,  further,  finds  a  decided  a 
between  the  above  system  in  the  Rotifera  and  the  long  and  tortnoiii 
tubes  of  the  ImectcL^  to  which  class  he  believes  the  Rotifera  to  b< 
nearly  allied. 

No  central  organ  of  the  circulation,  or  heart,  and  no  0 
of  respiration  are  present,  but  the  perivisceral  cavity  is 
with  a  corpusculated  fluid. 

The  nervous  system  of  the  Rotifera  constitutes  a  bil 
cerebral  mass,  "  which  for  its  proportionate  volume  may 
pare  with  the  brain  of  the  highest  vertebrates."  It  is  \ 
anteriorly,  and  usually  on  the  dorsal  aspect  of  the  bod} 
the  eye — in  the  shape  of  a  red  pigment  spot  or  spots— 
variably  situated  like  a  wart  upon  it.  Other  sense-oi 
probably  tactile,  are  often  present  in  the  form  of  two  1 
surmounted  by  tufts  or  bristles,  placed  at  the  back  0 
head.  The  ovaries  constitute  conspicuous  organs  ii 
female  Rotifera^  and  in  summer  the  eggs  are  produced  I 
females  without  having  access  to  the  males.  Developm 
direct 

The  muscular  system  of  the  Rotifera  is  well  devel 
consisting  of  bands  which  produce  the  various  moveme 
the  body  and  foot,  whilst  others  act  upon  the  various  vi 
and  others  effect  the  movements  of  the  jaws. 

The  typical  group  of  the  Rotifera  is  that  of  the  Notommatina  {Ify 
of  Ehrenberg).  In  this  group  (fig.  109)  the  animals  are  all  pernu 
free,  and  are  never  combined  into  colonies,  while  the  int^;ument  is  fl 
and  the  body  is  never  encased  in  a  tube. 

Stephanoceros  and  Floscularia^  on  the  other  hand,  are  fixed,  and  1 
closed  in  a  gelatinous  tube  which  is  secreted  by  the  animal.  Mi 
(fig.  108,  B)  inhabits  a  tubular  case,  which  the  animal  forms  for  it! 
means  of  a  special  organ  for  the  purpose;  whilst  Polyarthra  and  Tri 
are  protected  by  a  stiff  shell,  or  *Morica," 

In  Triarthra  there  are  ensiform  fins,  jointed  to  the  body  by  d 
shelly  tubercles,  and  moved  hy  powerful  muscles.  These  natatory  • 
are  considered  by  Mr  Gosse  to*  be  homologous  with  the  articulated 
of  the  Arthropoda.  Locomotive  ap{>endages  are  also  present  in  Uexa 
Polyarthra^  and  Pedalion, 

In  Asplanchna^  whilst  the  masticatory  organs,  gullet,  and  stoma* 
well  developed,  there  is  no  intestine,  the  stomach  *' hanging  like  a 
in  the  centre  of  the  body-cavity,'*  but  not  communicating  vdth  the 
cavity. 

As  regards  their  distribution  in  space,  the  Rotifera  hai 
almost  world-wide  range.  The  majority  of  the  known  i 
are  inhabitants  of  fresh  water,  but  a  few  live  in  the  sea. 

Affinities  of  Rotifera. — In  their  external  appearanc 
Rotifera  approximate  closely  to  the  Infusoria^  but  the  0 
isation  of  the  former  presents  a  very  striking  advance 
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mmpjred  with  that  of  the  latter.  Thus,  in  the  Infusoria  there 
is  no  iMeientiated  body-cavity,  bounded  by  distinct  walls,  and 
the  alimentaiy  canal  is  imperfect, 
the  digestive  sac  simply  opening  in- 
feriotly  into  the  diffluent  sarcode  of 
flie  centre  of  the  body.  Further, 
tiiere  aie  no  traces  of  a  nervous 
Sfstem,  and  the  contractile  vesicles, 
if  looked  upon  as  representing  the 
waler-vascular  system,  are  a  very 
mdiraenlaiy  form  of  this  apparatus. 
In  tbe  Rotifera,  on  the  other  hand, 
the  alimentary  canal  forms  a  com- 
plete tube,  having  an  oral  and  an 
>Dal  aperture,  and  not  communicat- 
ing with  the  surrounding  perivisceral 
cavity ;  and  there  is  a  well-develop- 
wi  nervous  system,  and  a  highly 
complex  water-vascular  system,  A 
lol  affinity  is  found  to  subsist,  how- 
ner,  between  the  Rolifera  and  the 
^miarida;  both  possessing  external 
cilia,  a  nervous  system,  and  a  well- 
feeloped  water-vascular  apparatus, 
ihe  characters  of  which  are  not  dis- 
oniilar  in  the  two  groups.  In  the 
Plmarvia,  however,  the  sexes  are 
united  in  the  same  individual,  and 
I^Kreis  no  anal  aperture;  whereas  , 
m  the  Rotifera  the  sexes  are  dis- 
fiKt,  and  there  is  a  distinct  anus,  ^S». ""(AftftCMK )'  °'°  '"° 
To  the  true  Arthropoda,  as  already 

pointed  out,  the  Rotifera  shows  some  points  of  affinity,  but  these 
>«  hardly  sufficiently  numerous  or  decided  to  warrant  the  re- 
■Boval  of  the  group  ftom  the  Annuloida  to  the  Annulosa. 
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CHAPTER  XXVIII. 


I. 


ANNULOSA. 

General  Characters  'of  Annulosa.  2.  General 
Characters  of  Anarthropoda.  3.  Class  Gephyrea. 
4.  General  Characters  of  the  Class  Annelida. 

Sub-kingdom  Annulosa. — The  members  of  this  sub-kingdom 
are  distinguished  by  the  possession  of  a  body  which  is  composed 
of  numerous  segments^  or  "  somites ^^  arranged  along  a  longitudinal 
axis,  A  nervous  system  is  ahvays  present ^  and  consists  of  a  dovUM 
chain  of  ganglia^  running  along  the  ventral  surf  cue  of  the  boiyy 
and  traversed  anteriorly  by  the  oesophagus  (fig.  1 10).  The  iitnts 
(ivhen  present)  are  turned  totvards  the  neural  aspect  of  the  body* 
The  sub-kingom  Annulosa  may  be  divided  into  two  primary 
divisions,  according  as  the  body  is  provided  with  articulated 
appendages,  or  not ;  these  divisions  being  termed  respectivdy 


h 

Fig.  11a — Diagram  of  an  Annulose  Animal,     a  Blood-vascular  or  haemal  sjrstem; 

b  Digestive  system  ;  c  Neural  system. 

the  Arthropoda  and  Anarthropoda,  The  first  of  these  com- 
prises Crustaceans,  Spiders,  Scorpions,  Centipedes,  and  Insects; 
whilst  the  latter  includes  the  Spoon-worms,  Leeches,  Earth- 
worms, Tube-worms,  Sand-worms,  and  Arrow-worms. 

Division  I.  Anarthropoda. — In  this  division  of  the  Ahhu- 
losa  the  locomotive  appendages  are  never  distinctly  jointed  or  arth 
culated  to  the  body.  In  this  division  are  included  three  classes 
— viz.,  the  Gephyrea^  the  Annelida^  and  the  Cheeiognatha, 
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-ASS  I.  Gephyrea  (  =  SipuncuIoUiea), —  Vermiform  marine 
«&,  with  usually  elongated  bodies  which  may  be  indistinctly 
iaiedy  but  are  not  segmented^  and  carry  no  locomotive  appmd- 
[br^ondy  occasionally^  bristles).  Ventral  nerve-cords  not  gang- 
id;  sexes  getter  ally  distifict ;  a  distinct  metamorphosis  in 
ofment, 

lie  members  of  this  class  are  generally  known  as  "  Spoon- 
ns,"  and  they  form  a  connecting  link  between  the  Echino- 
uUa  and  the  Annelides.  The  body  is  worm-like,  the  in- 
ment  sometimes  ringed  (fig.  iii),  but  never  divided  into 


Fig.  zii. — Gephyrea.    Syrinx  nndus.    (After  Forbes.) 

net  segments.  There  are  no  ambulacral  tube-feet,  nor 
tubercles ;  but  there  may  be  bristles  which  act  as  locomo- 
oigans  (as  in  Sternaspis  and  Echiurus).  The  outer  layer 
e  integument  is  chitinous,  and  beneath  the  skin  is  a  strong 
ular  coat  of  longitudinal  and  circular  fibres.  The  mouth 
iced  at  the  front  end  of  the  body,  and  the  ciliated  alimen- 
canal  terminates  in  an  anal  aperture  which  may  occupy 
inder  end  of  the  body,  or  may  be  placed  far  forwards.  A 
nile  proboscis  is  present,  and  may  be  provided  with 
es  or  tentacles.  The  intestine  is  suspended  freely  in  a 
-cavity,  which  is  filled  with  a  corpusculated  fluid,  kept  in 
lation  by  ciliary  action.  A  vascular  ("  pseudohaemal ") 
m  may  be  present,  or  in  other  cases  is  not  developed. 
>iiation  is  carried  on  by  the  general  surface  of  the  body, 
)llow  tentacles  placed  round  the  mouth  {Sipunculus),  or  by 
minal  organs  resembling  the  "  respiratory  tree  "  of  the 
ithurians  (as  in  Echiurus),  The  nervous  system  has  the 
of  a  gangliated  oesophageal  ring,  giving  ofl*  a  ventral  cord, 
h  is  peculiar  in  not  having  distinct  ganglia  developed  upon 
The  sexes  are  in  different  individuals  (united  in  some 
ies  of  Sipunculus) ;  and  the  males  may  differ  greatly  from 
emales  in  fomL  The  reproductive  elements  often  reach 
exterior  by  the  ducts  of  certain  ciliated  sacs,  which  optn 
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Fijf.  112. — Larva  of  Z*^*- 


by  pores  on  the  ventral  surface  of  the  body,  and  which  cone 
spond  with  the  "  segmental  organs  "  of  the  Annelides. 

In  their  development,  the  Gephyrea  pass  through  a  metamoi 
phosis,  generally  of  a  very  striking  character.  The  larva  (fig 
1 12)  is  locomotive,  and  swims  about  actively,  partly  by  mean 

of  a  ciliary  ring  placed  round  the  neck 
and  partly  by  means  of  ciliated  lobes  dc 
veloped  on  the  head.  In  this  "actinc 
trocha "  stage  the  larva  resembles  that  c 
the  Echinoderms  in  many  respects ;  whils 
the  ciliated  cephalic  lobes  call  to  mixK 
the  trochal  discs  of  the  Rotifers.  The 
further  process  of  development  is  also 
strikingly  similar  to  that  characteristic  of 
the  Echinoderms,  a  considerable  portion 
of  the  larva,  including  the  ciliated  cephalic 
expansion,  being  ultimately  absorbed. 

The  Gephyrea  are  exclusively  inhabitants 

coiosotna  eioHgatnm,  af-  of  the  sca,  uiostly  burrowiug  in  the  sand, 

tcr  developmcni  has  pro-  v  •  j  •  •  •  •       *.i_  1  -       Tk* 

cecded  10  some  extent,     or  hidmg  m  crcviccs  m  the  rocks.     Inc 

principal  and  most  widely  distributed  genus 
is  Sipunciilus^  the  species  of  which  often  inhabit  the  cast-away 
shells  of  Univalves. 

As  to  their  affinities,  the  Gephyrea  are  related,  on  the  one 
hand,  to  the  Holothurians,  from  which  they  differ  in  the  absence 
of  an  ambulacral  system,  in  the  fact  that  the  integument  is  in- 
capable of  secreting  calcareous  matter,  and  in  the  absence  d 
any  traces  of  a  radiate  arrangement  of  the  nervous  system 
On  the  other  hand,  they  show  their  close  relation  to  the  trai 
Annelides,  by  their  general  possession  of  a  pseudohsemal  sys 
tem,  and  of  "  segmental  organs,"  by  the  form  of  the  nervouj 
system,  and  by  the  resemblance  of  their  larvae  to  those  of  man] 
of  the  Errant  Ringed  Worms. 

Class  II.  Annelida  {-Annulata),  The  Annelida  an 
vermiform  animals,  distinguished  from  the  preceding  by  tb 
possession  of  distinct  external  segmentation  ;  the  nervous  system 
is  composed  of  a  ventral^  double^  gangliated  cord,  with  an  oesopha 
geal  collar  and  prce-oesophageal  ganglion. 

This  class  comprises  elongated  worm-like  animals,  in  whid 
the  integument  is  always  soft,  and  the  body  is  more  or  Ics 
distinctly  segmented,  each  segment  usually  corresponding  wid 
a  single  pair  of  ganglia  in  the  ventral  cord.  All  the  segracot 
are  similar  to  one  another  except  those  at  the  anterior  an 
posterior  extremities  of  the  body.  Each  segment  may  also  b 
provided  with  a  pair  of  lateral  appendages,  but  these  are  ne^^c 
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articulated  to  the  body,  and  are  never  so  modified  in  the  region 
of  the  head  as  to  be  converted  into  masticatory  organs. 
In  the  Ingher  Anne/ida  each  segment  (fig.  113)  consists  of 


'  ^V- 113-— I^u^Snunmatic  transvene  section  of  an  Annelide.  ti  Dorsal  arc ;  v  Ventral 
wc ;  «  Brancnue  ;  «  Notopodium  or  dorsal  oar ;  d  Neuropodium  or  ventral  oar,  both 
carrying  setae  and  a  jointed  drrhus. 

two  arches,  termed,  from  their  position,  respectively  the  *'  dor- 
sal arc  "  and  the  "  ventral  arc ; "  and  each  bears  two  lateral 
P«)cesses,  or  "  foot-tubercles  '*  {parapodia)^  one  on  each  side. 
Each  "  foot-tubercle  "  is  typically  double,  being  composed  of 
tt  upper  process,  called  the  "  notopodium,"  or  "  dorsal  oar," 
and  a  lower  process,  termed  the  "  neuropodium,"  or  "  ventral 
oar;*  but  these  may  be  fused  together.  The  foot-tubercles, 
likewise,  support  bristles,  or  "setae,"  and  a  soft  cylindrical 
appendage,  which  is  termed  the  "  cirrhus  "  (fig.  113). 

The  number  of  the  segments  varies  much,  being  as  many  as 
400  in  Eunice  gigantea ;  and,  generally,  there  is  not  a  distinct 
bead  which  is  separable  from  the  succeeding  rings  of  the  body. 
When  such  a  distinct  head  apkpears  to  be  present,  it  is  not  com- 
parable with  the  head  of  the  Arthropoda^  but  is  really  a  greatly 
i&odified  prse-oral  region,  or  "  prostomium,"  as  is  shown  by  the 
position  of  the  mouth.  The  "  prostomium  "  or  "  cephalic 
kbc"  is  placed  in  front  of  the  mouth,  and  often  carries  "  ten- 
tacles "  above  and  tactile  processes  or  "  palpi "  below. 

The  digestive  system  ot  the  Annelides  consists  of  a  mouth, 
aometimes  armed  with  homy  jaws,  a  gullet,  stomach,  intestine, 
and  a  distinct  anus.  Except  in  the  Hirudinea^  the  alimentary 
canal  is  suspended  in  a  capacious  perivisceral  space,  divided 
•to  compartments  by  more  or  less  complete  partitions.  The 
Anentary  canal  is,  with  one  exception,  not  convoluted,  and 
Wends  straight  fix>m  the  mouth  to  the  anus ;  but  lateral  diver- 
ticula are  often  present. 

As  r^ards  the  vascular  system,  "no  Annelide  ever  possesses 
^ heart  comparable  to  the  heart  of  a  Crustacean  or  Insect*, 
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but  a  system  of  vessels,  with  more  or  less  extensively  contra 
tile  walls,  containing  a  clear  fluid,  usually  red  or  green  i 
colour,  and  in  some  cases  only  corpusculated,  is  very  general! 
developed,  and  sends  prolongations  into  the  respiratory  organ 
when  such  exist"  (Huxley).  This  system  has  been  terme 
the  "  pseudohaemal  system,"  and  its  vessels  are  considered  b 
Professor  Huxley  as  being  "  extreme  modifications  of  oigac 
homologous  with  the  water-vessels  of  the  Scolecida : "  since  th 
perivisceral  cavity,  with  its  contained  corpusculated  fluid  (chy 
aqueous  fluid),  is,  as  shown  by  M.  de  Quatrefages,  the  tnii 
homologue  of  the  vascular  system  of  Crustacea  and  Insects 
The  pseudohaemal  system,  therefore,  of  the  Annelides  is  to  b< 
regarded  as  essentially  respiratory  in  function.  The  pseudo 
haemal  vessels  are  sometimes  wanting,  and  in  these  case 
respiration  appears  to  be  effected  by  the  cilia  lining  the  peri- 
visceral cavity. 

Respiration  is  effected  by  the  general  surface  of  the  body,  b] 
saccular  involutions  of  the  integument,  or  by  distinct  externa 
gills  or  branchiae. 

The  nervous  system  consists  of  a  double,  ventral,  gangliatec 
cord,  which  is  traversed  anteriorly  by  the  oesophagus;  di( 
"  pras-cesophageal,"  or  **  cerebral,"  ganglia  being  connectoi  b] 
lateral  cords  or  commissures  with  the  **post-cjesophagcal' 
ganglia.  Pigment-spots,  or  "  ocelli,"  sometimes  of  high  oigM 
isation,  are  present  in  many,  generally  upon  the  prolx^ 
sometimes  in  each  segment,  or  on  the  branchiae,  or  on  the  taD 
and  the  head  often  supports  two  or  more  feelers,  which  diffe 
from  the  "  antennae "  of  Insects  and  Crustacea  in  not  bcfflj 
jointed. 

The  sexes  in  the  Annelida  are  sometimes  distinct,  and  some 
times  united  in  the  same  individual.  The  embryos  are  almoa 
universally  ciliated,  and  even  in  the  adult  cilia  are  almoi 
always,  if  not  always,  present,  in  both  of  which  respects  thi 
class  differs  from  the  Arthropoda. 

The  Annelida  may  be  divided  into  two  sections,  characterise 
by  the  presence  or  absence  of  external  respiratory  organs  o 
branchiae.  The  Abranchiate  section  comprises  the  Lecchc 
and  the  Elarth-worras  ;  whilst  the  Branchiate  division  indade 
the  Tube-worms  (Tubicola)  and  the  Sand- worms  {ErranHd^ 
The  Annelida  are  also  often  divided  into  two  sections,  calte 
Chatophora  and  Discophora^  according  as  locomotion  is  effect© 
by  chitinous  setae  (Earth-worms,  Tube-worms,  and  Sand-wonai^ 
or  by  suctorial  discs  (Leeches). 
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CHAPTER  XXIX. 

ORDERS    OF  ANNELIDA. 

>ER  I.  HiRUDiNEA  (Discophora  or  Suctoria). — This  order 
ides  the  Leeches,  and  is  characterised  by  the  possession  of 
'omotwe  and  adheswe  sucker,  posteriorly  or  at  both  extremi- 
and  by  the  absence  of  bristles  and  foot-tubercles.  The  sexes 
mostly  united  in  the  same  individual^  and  the  young  do  not 
through  any  metamorphosis. 

he  Leeches  are  vermiform,  mostly  aquatic  animals,  chiefly 
biting  fresh  water,  though  a  few  species  are  marine.  Loco- 
jOD  is  effected  either  by  swimming  by  means  of  a  serpentine 
ling  of  the  body,  or  by  means  of  one  or  two  suctorial  discs, 
lose  forms  in  which  there  is  only  a  single  sucker  (posterior), 
lead  or  anterior  extremity  of  the  body  can  be  converted 
a  suctorial  disc.  The  body  is  ringed,  as  many  as  one 
ired  annulations  being  present  in  the  common  Leech  ;  but 
not  divided  into  distinct  somites,  and,  with  rare  exceptions 
mchiobdella  and  Branchellion),  there  are  no  lateral  append- 

of  any  kind.  The  mouth  is  placed  at  the  front  end  of 
xxly,  and  may  or  may  not  be  furnished  with  teeth.  The 
ynx  is  muscular;  the  gullet  leads  into  a  stomach  with, 
lly,  capacious  lateral  cajca  (fig.  114,  B) ;  and  the  anus  is 
^  in  front  of  or  at  the  bottom  of  the  posterior  sucker. 
alimentary  canal  is  united  with  the  integument  by  a  spongy 
e,  formed  of  vascular  sinuses,  which  more  or  less  com- 
ly  obliterate  the  body-cavity,  and  in  which  the  blood  cir- 
es.  The  pseudohxmal  system  generally  consists,  in 
tion  to  the  sinuses  just  alluded  to,  of  four  principal  longi- 
lal  trunks,  devoid  of  special  dilatations.  Respiration  is 
ed  on  mainly  by  the  soft  integument,  probably  assisted  by 
'segmental  organs,"  and,  in  the  case  of  BranchelHon^  by 
vascular  leaf-like  appendages  on  the  sides  of  the  body. 
**  segmental  organs  "  are  in  the  form  of  a  larger  or  smaller 
l>er  of  sacs  (fig.  114,  B),  which  open  upon  the  abdominal 
ce  by  so  many  pores  or  **  stigmata."  The  function  of 
I  saccuH  appears  to  be  excretory,  and  in  the  majority  of 
Hirudinea  they  are  closed  internally,  and  only  open  ex- 
Jly  by  the  "  stigmata."     In  some  of  the  Hirudinea^  how- 

the  "  segmental  organs "  agree  with  those  of  the  great 
rity  of  the  Annelides  in  not  only  opening  externally,  but 
so  communicating  internally  with  the  perivisceral  cavity. 
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The  segmental  organs  of  the  Leeches  differ  luither  fimn  tliose 
of  the  other  Annelida  in  not  being  in  any  way  connected  with 
the  process  of  reproduction. 

The  nervous  system  consists  of  a  pne-cesophageal  ganglion, 


•(  the  L«ch,  tfadwinz  IhE  ncrvoui  syilciii,  mm 

..  ,  «  head.     B,  llie  inch  diueded  10  ihow  the  ili 

(iX  and  Ihc  "  tennenul  organt,"  or  so-called  "ropiTaton'  ttia*'  {rr 
tacVtf.fi  Hipder  luckcc ;  •■  •■  Nervuun  syucm  1  i  Head,  cairyioa  tl 


which  gives  branches  to  a  number  of  simple  eyes,  or  ocdK, 
which  are  placed  on  the  head,  and  which  is  united  by  lat*"'  - 
oesophageal  cords  to  the  ventral  gangliated  chain.     The  ven- 
tral chain  of  the  common  Leech  carries  twenty-three  succ*  :: 
sive  pairs  of  ganglia,  marking  the  composition  of  the  body  C*'  ^ 
of  the  same  number  of  segments  or  "  lonites."  5 

The  sexes  are  almost  always  united  in  the  same  individM  ^ 
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dies  are  nevertheless  incapable  of  self-fertilisation, 
n,  also,  it  always  efTccted  by  means  of  the  sexes, 
by  fission  or  gemmation, 
tive  products,  instead  of 
Uged  into  the  perivisceral 
1  the  Annelida  generally), 
orfiice  by  special  apertures, 
deposited  in  delicate  cht- 
iles  or  "  cocoons ; "  and  the 
>eing  hatched,  undergo  no 
sis,  but  are  essentially  simi- 
lult  in  all  except  their  size. 


n  Horse-leech,  Hirmopsu,  is  only 

blunt  teeth;  but  the  Medicin]il 
luga  HuJiaitalb,  fig.  IiO  hw  its 
■d  with  three  crescenlic  jaws,  the 
H  o(  which  are  serrated  with 

This  species  is  chiefly  imported 
v,  Bohemia,  nod  Russia.  In 
b/xii/u,  lire  Himgarian  Leech, 
edicine,  the  alidomen  has  numer- 
«.  In  Ixith  species  the  oral  and  .^_ 
ties  are  narrowed  before  dilaling    p-  —Hinidinei     a  Th 

%,  and  the  body  has  from  ninety       SinlH-inal    Leech  '{Santai 
A  rings.     The  anterior  sucker  is      •utatffiHiutBii.ui-     ' 
■ncet-shaped  upper  lip,  carryiiic      *  Anunor  ."trem 

,m«ior&/r.Ti..,>o.t;rio',  sx"r.'Si;! 

I,  obliquely  placed,  and  separated       c  Ont  of  the  |awi  detached, 
ul,  nsually  termed   the  "stom-       toothed  imiiiD. 
Ulterior    portion,   occupies    the 

the  body-iavity,  and  is  furnished  with  eleven  membranoiis 
ertkula  on  each  side.  There  are  seventeen  s^menlal  oi^ans 
ipening  by  minute  stJCTnata  on  the  lower  surface  of  the  body. 
»  the  male  reproductive  oq<ans  is  iti  the  anterior  third  of  the 
I  the  twenty 'Seventh  and  twenty-eighth  rings;  that  of  ihe 

in  the  form  of  a  small  fissnre,  five  rings  behind.  Impregna- 
maphrodile  individuals  is  mutual,  and  the  i>va  are  deposited 

within  a  cocoon,  where  they  remain  until  hatched.  The 
idla  have  the  body  luberculated,  and  attach  themselves  to 
lfhe«,  especially  skates.     The  anterior  sucker  is  separated  iti 

body  by  a  distinct  constriction  or  neck.  In  Ihe  little  fresh- 
I  tbe  anterior  sucker  is  wanting,  and  there  is  a  probosddi- 
They  are  found  attached  to  the  stems  of  water-plants,  or  to 
*  of  different  kinds.  Branchiiibdflla  lives  upon  the  gills  of 
ind  BraathtlliBn  infests  the  gills  of  various  Fishes,  such  as 
K  few  Leeches  inhabit  damp  situations  on  land. 

\.  Oligoch^ta  {Terrkela). — The  members  of  this 
Mising  the  Earth-worms  (Lumbrieida)  and  the 
I  (Ndidida),  are  distinguished  by  the  fact  that 
rve  appendages  are  in  tAe  form  of  chUinous  seta  or 
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bristles  attached  in  raws  to  the  sides  and  ventral  surface  of  i 
body.  No  branchice  are  present.  They  are  all  hermafhrodii 
and  the  young  pass  through  no  metamorphosis.  The  Otigocha 
are  divided  into  the  two  groups  of  the  Terricolce  or  Earth-woin; 
and  the  Limicolce  or  Mud-worms  and  Water-worms  {JSetnurii 
and  Naididce), 

In  the  common  Earth-worm  (Lumbricus)  the  body  is  cyli 
drical,  attenuated  at  both  extremities,  and  carrying  in  the  adi 
a  thickened  zone,  which  occupies  from  six  to  nine  rings  ; 
the  anterior  part  of  the  body,  is  connected  with  reprodu 
tion,  and  is  termed  the  "  clitellum,"  or  "  saddle."  Locomi 
tion  is  effected  by  eight  rows  of  short  bristles  or  setae,  four  < 
which  are  placed  laterally  and  four  on  the  ventral  surface  ( 
the  body ;  these  representing  the  foot-tubercles  of  the  highe 
Ann  elides.  The  mouth  is  edentulous,  and  opens  by  a  muscu 
lar  pharynx  into  a  short  oesophagus,  which  leads  to  a  muscula 
crop,  or  *'  pro-ventriculus,"  succeeded  by  a  second  muscula 
dilatation,  or  gizzard.  Salivary  glands  open  into  the  pharynx 
and  other  glands,  probably  digestive,  open  into  the  gullet 
The  intestine  is  continued  straight  to  the  anus,  and  is  con 
stricted  in  its  course  by  numerous  transverse  septa,  springing 
from  the  walls  of  the  perivisceral  cavity.  The  perivisceia 
cavity  (as  in  all  the  O/igochceta)  is  lined  by  a  cellular  mem 
brane,  which  is  continuous  with  a  yellow  cellular  layer  cover 
ing  the  intestine  and  large  vessels,  and  which  casts  off  its  cell: 
into  the  perivisceral  fluid.  The  pseudohaemal  system  consist 
of  three  principal  longitudinal  trunks  and  their  branches,  fille< 
with  a  red  non-corpusculated  fluid ;  and  there  exists,  in  eva 
greater  numbers,  the  same  series  of  lateral  sacculi  or  "  segmen 
tal  organs "  which  we  have  seen  in  the  Leeches,  and  whid 
have  either  a  respiratory  or  a  renal  function.  In  all  th< 
Oligochceta  the  segmental  organs  communicate  internally  wit) 
the  perivisceral  cavity  as  well  as  externally  with  the  oute 
medium.  A  portion  of  the  segmental  organs  is  ciliated,  aw 
in  all  cases  the  segmental  organs  of  certain  of  the  s^;ment 
have  the  special  function  of  acting  as  efferent  ducts  for  tfr 
generative  organs.  The  body-cavity  is  filled  with  a  colourles 
corpusculated  "blood."  The  reproductive  organs  consist c 
two  pairs  of  testes,  opening  on  the  fifteenth  segment,  and  on 
pair  of  ovaries,  of  which  the  oviducts  open  on  the  fourteenll 
segment.  In  addition,  the  animal  also  possesses  a  pair  c 
semmal  reservoirs  in  the  tenth  and  eleventh  rings,  and  fiv 
pairs  of  glands  for  secreting  the  capsules  of  the  eggs.  Th 
ova  are  deposited  in  chitinous  capsules,  and  the  young  pas 
through  no  metamorphosis. 
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Of  the  little  JVaidida,  the  most  familiar  is  the  Tuhifex  rivu- 
lorum^  which  is  of  common  occurrence  in  the  mud  of  ponds 
and  streams.  It  is  from  half  an  inch  to  one  inch  and  a  half  in 
length,  and  of  a  bright-red  colour.  The  pseudohaemal  system 
is  provided  with  two  contractile  cavities  or  hearts ;  and  there 
is  present  the  same  system  of  lateral  tubes,  opening  externally 
by  pores,  as  occurs  in  the  Earth-worms. 

The  Ndidida  are  chiefly  noticeable  on  account  of  the  singular  process  of 
non-sexual  reproduction  which  they  present  before  they  attain  sexual  ma- 
turity. In  this  process  the  Ndis  throws  out  a  bud  between  two  rings,  at  a 
point  generally  near  the  middle  of  the  body.  Not  only  is  this  bud  devel- 
oped into  a  fresh  individual,  but  the  two  portions  of  the  parent  marked 
oat  by  the  budding  point  likewise  become  developed  into  separate  indivi- 
duals. The  portion  of  the  parent  in  front  of  the  bud  develops  a  tail,  whilst 
the  portion  behind  the  bud  develops  a  head.  Prior  to  the  detachment  of 
the  bud,  other  secondary  buds  are  formed  from  the  same  segment,  each  in 
^ot  of  the  one  already  produced ;  and  in  this  way,  before  separation  takes 
place,  a  chain  of  oi^nically  connected  individuals  is  produced,  all  of  which 
arc  nourisbed  by  the  anterior  portion  of  the  primitive  worm.  Besides  their 
non-scxnal  reproduction,  the  Ndidida  possess  generative  organs  when  adult, 
and  exhibit  true  sexual  reproduction.  With  the  development  of  the  gen- 
Qative  organs,  a  new  segment  is  added  to  the  body,  and  certain  other  modi- 
&^ons  take  place  ;  so  that  the  process  of  attaining  sexual  maturity  is 
•ctually  attended  with  a  species  of  metamorphosis. 

As  regards  their  distribution  in  space,  the  Oligochceta  have 
a  cosmopolitan  range.  The  most  are  either  terrestrial,  or  in- 
habit fresh  waters,  burrowing  in  mud  or  sand;  but  a  few  are 
njarine. 

Order  III.  Tubicola  {Cephalohranchiata). — Animal  pro- 
Ucted  by  a  tube;  locomotive  organs  in  the  form  of  foot-ttibercles, 
carrying  sda;  breathing-organs  in  the  form  of  branchice  carried 
Oh  or  near  the  head.  Sexes  almost  always  distinct.  A  metamor- 
phosis in  development.  The  Annelides  which  are  included  in 
this  order  inhabit  tubes,  which  may  be  calcareous,  and  secreted 
by  the  animal  itself,  or  may  be  composed  of  grains  of  sand 
or  pieces  of  broken  shell,  cemented  together  by  a  glutinous 
Secretion  from  the  body.  The  body-rings  are  mostly  provided 
^th  fasciculi  of  bristles  set  upon  lateral  foot-tubercles  or  para- 
podia,  by  means  of  which  the  animal  is  enabled  to  draw  itself 
in  and  out  of  its  tube. 

The  Tubicola  are  often  united  with  the  order  of  the  Errantia 
^nder  the  name  of  Polychata  ;  and  though  collectively  spoken 
of  as  "  Branchiate  Annelides,"  they  do  not  always  possess 
sjyecialised  respiratory  organs. 

The  protecting  tube  of  the  Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime  (Serpula),  of  grains  of  sand 
(Sakllaria),  or  of  sand,  pieces  of  shell,  and  other  adventitious 
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particles  cemented  together  by  a  glutinous  secretion  fironi  tl 
body  ( Terebella)  \  or  it  may  be  simply  membranaceous  or  leat 
ery  (Sabella),  Sometimes  the  tube  is  free  and  non-adhere 
{Pectinaria)  \  more  commonly  it  is  attached  to  some  submarii 
object  by  its  apex  or  by  one  side  (Serpula  and  ^rorbL 
Sometimes  the  tube  is  single  (Spirorbis)\  sometimes  the anim 
is  social,  and  the  tubes  are  clustered  together  in  larger  < 
smaller  masses  {Sabeliarid), 

When  the  tube  is  calcareous,  it  presents  certain  resemblanci 
to  the  shells  of  some  of  the  Molluscs,  such  as  Vermdus  ai 
Dentalium,  In  the  living  state  it  is  easy  to  make  a  distinctic 
between  these,  for  the  Tubicolar  Annelides  are  in  no  ws 
organically  attached  to  their  tubes,  whereas  the  Molluscs  ai 
always  attached  to  their  shell  by  proper  muscles. 

The  pseudohaemal  system  has  its  usual  arrangement,  an 
the  contained  fluid  is  usually  red  in  colour,  but  is  olivegree 

in  Sabella.  The  respiratory  oi 
gans  are  in  the  form  of  filament 
ous  branchiae,  attached  to,  o 
near,  the  head,  generally  in  tw( 
lateral  tufts,  arranged  in  a  funnel 
shaped  or  spiral  form.  Eacl; 
filament  is  fringed  with  vibrating 
cilia,  and  the  tufls  are  richly  sup 
plied  with  fluid  from  the  pseudo 
hsemal  system.  There  is  nospe 
cial  apparatus  required  to  drive 
the  blood  back  to  the  heart,  bu 
this  is  effected  by  the  contractile 
^     -, . .  ,         ^  ^  ,  power  of  the  gills   themselves 

Fig.  no. — Tubicola.      a  Serpula  con-     i,  .,  •.*  r*i_     i-     ^^V\n 

tortupUcata,  showing  the  branchiae     rrom  the  pOSltlOUOf  the  DrancnW 

and    operculum ;    b   Spirorbh  com.     ^jp^^    q^  ^Car,  the  head,  thC  Tu 

btco/a  are  often  known  as  tD( 
"  cephalobranchiate  "  Annelides  (fig.  ii6). 

Reproduction  in  the  Tubicola  is  generally  sexual,  the  scxe! 
being  almost  invariably  in  different  individuals  ;  but  fission  hai 
also  been  noticed  to  occur.  As  regards  their  development 
the  young  pass  through  a  distinct  metamorphosis.  The  larva 
(fig.  117,  A  and  D)  are  freely  locomotive,  furnished  with  eye 
spots,  and  swimming  actively  by  means  of  cilia,  which  an 
principally  aggregated  into  two  rings  or  circlets,  one  place< 
on  the  head,  the  other  at  the  hinder  end  of  the  body.  Th' 
tentacles  are  developed  at  an  early  period,  and  the  lan-a  ur 
dergoes  segmentation.  Finally,  the  cilia  disappear,  the  lary 
becomes  stationary,  and  the  protective  tube  of  the  adult  i 
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Kcitted,     The  young  Tubicolar  Annetide  thus  resembles  the 
pcnnanent  condftion  of  the  Errant  farms ;  and  the  stationary 


Qndilion  of  the  adult,  accompanied  by  the  loss  of  its  sense- 
"fSas,  may  be  regarded  as  an  instance  of  "retrograde  de- 
fdopment" 

Tit  most  familiar  of  the  Tubicola  is  Ihe  Serpula  (fig.  1 16,  □),  tlie  con- 
Wti  ind  winding  calcareous  tabes  of  which  must  be  known  to  almost 
"oj  cme  ss  occurring  on  shells  or  stones  on  the  sea-shore.  One  of  ihe 
"fwlic  cirrhi  in  Serpula  is  much  developed,  and  carries  at  its  extremity 
>  onical  plngi  or  operculum,  whereby  the  mouth  of  the  tube  is  closed 
*l>cn  (he  animal  is  retracted  within  it.  The  operculum  of  Serpula  has  a 
note  than  ordinary  interest  in  the  fact  that  it  is  the  only  instance  in  the 
^HMr/ida  in  which  calcareous  matter  is  deposited  within  the  int^ument. 
a  Sfitariif  (fig.  116,  i)  Ihe  shelly  tube  is  coiled  into  a  flat  spiral,  one 
■iileof  which  is  fixed  to  some  solid  object.  Ii  is  of  extremely  common 
°KilrreDCe  on  the  fronds  of  sea-weed  and  on  oilier  submarine  objecls. 

Eqnally  familiar  with  Srrfiu/a  is  Tireh^l.i,  the  animal  of  which  is  in- 
lioded  in  a  tube  composed  of  sand  and  fragments  of  shell,  cemented  together 
^■^nlinoaa  secretion.  In  the  SahtUida  the  tube  is  composed  of  granules 
"f  md  or  mod.  In  Pcc&naria  the  tube  is  free,  membranous,  or  papyra- 
*"«>■  cOTcred  with  sand-grains,  and  in  the  form  of  a  reversed  cone  of  con- 
"iioible  lenglh.  In  Plargnis,  Ihe  tube  is  membranous,  and  the  branchix 
W  orried  npon  a  horse-shoe-shaped  process,  which  is  strikingly  similar  to 
'•'"lophopliOre"of  the  PUyma. 

Order  IV.  Erkantia  (CAisi'f/^ii,  or  Nerddea\ — Thisordct 
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comprises /r<f^  Annelides,*  which  possess  setigerous  faoi-tuberc 
The  respiratory  organs  are  generally  in  the  form  of  tufts  of 
ternal  branchice^  arranged  along  the  back  or  t/ie  sides  of  the  boy 
The  sexes  are  distinct^  and  the  young  pass  through  a  metam 
phosis.  This  order  includes  most  of  the  animals  which  i 
commonly  known  as  Sand-worms  and  Sea-worms,  togetl 
with  the  familiar  Sea-mice. 

The  integument  is  soft,  and  the  body  is  distinctly  divid 
into  a  number  of  rings  or  segments,  each  of  which,  in  t 
typical  forms,  possesses  the  following  structure.  The  segme 
consists  of  two  arches,  a  lower  or  "  ventral  arc,"  and 
upper  or  "  dorsal  arc,"  with  a  "  foot-tubercle  "  on  each  sic 
Each  foot-tubercle  consists  of  an  upper  process,  or  "not 
podium,"  and  a  lower  process,  or  "  neuropodium,"  each 
which  carries  a  tuft  of  bristles,  or  "setae,"  (rarely,  a  sing 
bristle)  and  a  species  of  tentacle  termed  the  "  cirrhus "  (fi 

113)- 
The  outer,  cuticular  layer  of  the  body  is  generally  more  c 

less  chitinous,  and  is  often  iridescent.     Below  this  is  a  mii 

cular  layer,  by  which  the  movements  of  the  animal  are  effecte( 

and  which  encloses  the  "  perivisceral  cavity."     This  cavit 

runs  the  whole  length  of  the  body,  and  is  lined  by  a  specia 

often  ciliated  membrane,  which  is  reflected  upon  the  aliraer 

tary  canal  and  other  internal  organs.     It  is  usually  more  0 

less  subdivided  by  imperfect  partitions,  and  is  filled  with  ai 

albuminous  fluid   containing   floating   corpuscles,  and  corrc 

spending  with  the  blood.     This  so-called  "  chylaqueous  fluid, 

"  performs  one  of  the  functions  of  an  internal  skeleton,  actinj 

as  the  fulcrum  or  base  of  resistance  to  the  cutaneous  muscles 

the  power  of  voluntary  motion  being  lost  when  the  fluid  is  le 

out "  (Owen). 

The  anterior  extremity  of  the  body  is  usually  so  modifiec 

as  to  be  distinctly  recognisable  as  the  head,  and  is  providec 

with  eyes,  and  with  two  or  more  feelers,  which  are  not  jointed 

and  are  therefore  not  comparable  with  the  antennae  of  Cms 

tacea  and  Insects.     The  mouth  is  placed  on  the  inferior  sur 

face  of  the  head,  and  is  often  furnished  with  one  or  more  pain 

of  homy  jaws,  working  laterally.     The  pharynx  is  muscular 

and  forms  a  sort  of  proboscis,  being  provided  with  specia 

muscles,  by  means  of  which  it  can  be  everted  and  again  re 

tracted.     In  most  there  is  no  distinction  between  stomach  am 

*  Fritz  Miiller  describes  an  errant  Annelide  belonging  to  the  Ampki* 
middc  as  living  parasitically  within  the  shell  of  the  common  Barnic 
{Iu'f>as),  showing  that  the  members  of  this  group  may  sometimes  lose  tbi 
iret  habit. 
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intestine,  and  the  epithelium  of  the  alimentary  canal,  like  that 
of  the  preceding  orders,  is  ciliated. 

The  pseudohiaemal  system  is  well  developed,  and  consists 
essentially  of  a  long  dorsal  vessel,  and  a  similar  ventral  one, 
connected  by  transverse  branches,  and  sometimes  furnished  at 
the  bases  of  the  branchiae  with  pulsating  dilatations.  The 
contained  fluid  is  mostly  red,  but  is  yellow  in  Aphrodite  and 
Pdynae^  and  in  no  case  contains  corpuscles. 

Respiration  is  carried  on  by  means  of  a  series  of  external 
branchiae  or  gills,  arranged  in  tufts  upon  the  sides  of  the  body 
on  its  dorsal  aspect,  along  the  middle  of  the  body  only,  or 
along  its  entire  length ;  but  in  some  forms  the  gills  may  be 
rudimentary  or  wanting.  From  the  position  of  the  branchiae, 
the  members  of  this  order  are  often  spoken  of  as  the  "  Dorsi- 
branchiate  "  (or  more  properly  "  Notobranchiate  ")  Annelides. 
The  "segmental  organs,"  with  few  exceptions,  communicate 
with  the  perivisceral  cavity  internally,  and  in  certain  segments 
they  are  always  specialised  to  act  as  efferent  ducts  for  the  re- 
productive organs. 

The  nervous  system  in  the  Errantia  has  its  typical  form, 
consisting  of  a  double  gangliated  ventral  cord,  two  ganglia  of 
which  are  appropriated  to  each  segment.  The  prae-oesopha- 
gea],  or  cerebral,  ganglia  are  ol  large  size,  and  send  filaments 
to  the  ocelli  and  feelers. 

The  sexes  in  the  Errantia  are  in  different  individuals,  and 
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fig.  ix8w— **  Errant"  Annelide.     Nerrr's,  showing  the  '•  head"  with  its  appendages 

and  the  setigerous  parapodia. 

reproduction  is  usually  sexual,  though  in  some  cases  gemma- 
tion is  known  to  occur.  The  process  of  gemmation  is  carried 
on  by  a  single  segment,  and  so  long  as  it  continues,  the  bud- 
ding individual  remains  sexually  immature,  though  the  young 
thus  produced  develop  generative  organs.  Thus,  there  is  in 
these  cases  a  kind  of  alternation  of  generations,  or  rather  an 
alternation  of  generation  and  gemmation ;  the  oviparous  indi- 
viduals producing  eggs  from  which  the  gemmiparous  indi- 
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viduals  are  bom;  these,  in  their  turn,  but  by  a  non-ser 
process,  producing  the  oviparous  individuals.  Fission  is  a 
known,  in  a  few  instances,  to  take  place.  Occasionally,  al 
the  males  and  females  differ  from  one  another,  and  both  n 
differ  from  the  sexless  forms,  when  these  exist  Thus,  Hek 
onereis  is  founded  upon  the  sexless  forms  of  Nerds  ;  whilst  1 
species  of  the  genus  AutolytuSy  amongst  the  Syilidea^  exhibi 
still  more  remarkable  polymorphism,  the  males  and  fema 
being  extremely  dissimilar,  and  there  being  in  addition  a  th 
sexless  form,  which  produces  the  sexual  individuals  by  genui 
tion  at  its  hinder  extremity. 

The  embryo  usually  appears,  on  its  liberation  from  t 
ovum,  as  a  free-swimming,  ciliated  body,  possessing  a  mou 
intestine,  and  anus.  The  cilia  are  primarily  diffused,  t 
become  aggregated  so  as  to  form  a  single  median  belt,  or  t\ 
bands,  one  about  each  extremity,  or  a  series  of  bands  (fig.  1 1 
B  and  C).  The  head,  with  its  feelers  and  eye-specks,  appes 
at  one  extremity,  whilst  the  segments  of  the  body  begin  to 
formed  at  the  other.  Each  segment  is  developed  in  four  par 
the  two  principal  ones  forming  half-rings,  united  by  short 
side-pieces,  from  which  the  setigerous  foot-tubercles  are  d 
veloped.  The  ciliated  band  or  bands  finally  disappear,  an 
new  rings  are  rapidly  added  by  intercalation  between  the  hca 
and  the  segments  already  formed. 

Amongst  the  best  known  of  the  Errantia  is  the  common  Lob-won 
{Arenkola  piscatorum,  fig.  119,  C),  which  is  used  by  fishermen  for  biii 
The  Lob-worm  lives  in  deep  canals,  which  it  hollows  out  in  the  sand  < 
the  sea-shore,  literally  eating  its  way  as  it  proceeds,  and  passing  the  stn 
through  the  alimentary  canal,  so  as  to  extract  from  it  any  nutriment  whic 
it  may  contain.  It  possesses  a  large  head,  without  eyes  or  jaws,  and  wit 
a  short  proboscis.  There  are  thirteen  pairs  of  branchiae  placed  on  eic 
side  in  the  middle  of  the  body. 

In  the  Sea-mouse  {Aphrodite^  fig.  119,  B),  the  back  is  covered  with 
double  row  of  membranous  imbricated  plates,  which  are  called  "elytiii 
or  **  squama?,"  and  respiration  is  effected  by  the  periodical  elevation  id 
depression  of  these  plates,  whereby  water  is  alternately  admitted  into,  an 
expelled  from,  a  space  beneath  them.  This  space  is  separated  by  a  mCB 
brane  from  the  perivisceral  cavity  below,  and  contains  the  gills  in  the  fon 
of  smaU  fleshy  crests.  The  pharynx  is  thick  and  muscular,  and  can  b 
everted  like  a  proboscis,  and  the  intestine  has  a  number  of  lateral  bxtndie 
CcEca. 

In  the  Nerdda,  or  "  Sea-centipedes,"  the  body  is  greatly  elongated, an 
consists  of  a  great  number  of  similar  segments,  with  rudimenUry  brandii* 
The  head  is  distinct,  and  carries  eyes  and  feelers,  whilst  the  mouth  is  fa 
nished  with  a  large  proboscis,  and  often  with  two  homy  jaws  (fig.  I18 
In  the  Eunicea  the  branchiie  are  usually  well  developed  and  of  laige  «« 
and  the  mouth  is  armed  with  seven,  eight,  or  nine  homy  ja^-s.  Evm 
j^ganUa  attains  sometimes  a  length  of  over  four  feet,  and  may  consist 
more  than  four  hundred  rings. 
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All  the  Errant  Annelides  are  marine,  occurring  in  all  seas 
from  the  Arctic  Ocean  to  the  equator,  and  extending  to  great 
depths.  A  few  forms  {e,g,^  Tomopteris)  are  pelagic  Others 
live  in  sand  and  mud ;  whilst  others  hide  under  stones,  or  in 
fissuies  in  rock-pools ;  and  others,  again,  bore  holes  in  calca- 
reous rocks.     A  few  live  as  "  commensals  *'  on  other  animals. 


^%- 119.— Enant  Annelides.    A,  Hairy-bait  {Nephthys)\  B,  Sea-mouse  (/l/AnK/i/^r); 

C,  Lob-worm  {^Artnicold^    (After  Gosse.) 

Distribution  of  Annelida  in  Time.— Of  the  Annelida 
^e  only  orders  which  are  known  to  have  left  any  traces  of 
their  existence  in  past  time  are  the  Tuhicola  and  the  Errantia; 
of  which  the  former  are  known  by  their  investing  tubes,  whilst 
tile  latter  are  only  recognised  by  the  tracks  which  they  left 
^pon  ancient  sea-bottoms,  or  by  their  burrows  in  sand  or  mud. 
These  tracks  and  burrows  of  Annelides  are  found  commonly 
iu  rocks  of  almost  all  ages  from  the  Cambrian  period  upwards. 
Those  tracks  which  have  been  caused  simply  by  the  passage 
of  the  worm  over  the  surface  of  the  mud  are  termed  by  Mr 
Salter  Hdminthites^  whilst  the  burrows  are  called  Scolites  (or 
^lUhm). 

Tubicolar  Annelides  are  known  to  occur  from  the  Silurian 
Jocks  upwards.  The  well-known  Silurian  fossil  Tentaculites, 
te  been  often  referred  to  the  Tubicola^  but  is  almost  certainly 
I^eropodous.  Comulites^  Serpulites^  Ortonia^  Trachyderma^ 
S^fvrdis,  and  Qmchkolites  are,  however,  genuine  Silurian 
^»tev/a.    The  Microconchus  carbonarius  is  a  little  spiral  Tubv 
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colar  Annelide,  nearly  allied  to  the  Spiroriis  (fig.  ii6,  ^)  of  our 
seas,  which  is  not  uncommonly  found  in  strata  belonging  to 
the  Carboniferous  period ;  and  the  genus  Spirorbis  itself  is 
represented  even  in  the  Silurian  period. 

Class  III.  Ch*tocnath a  (Huxley). — Elongated cylindriail 
animals  having  the  hinder  extrnnily  of  the  body  furnish^  with  a» 
integumentary  Jin,  Anterior  end  of  the  body  pruvided  with  teta 
and  corneous  Jaws.  No  foot-tubercles.  Sexes  united  in  the  same 
individual. 

This  class  includes  only  the  singular  pelagic  animals  belong- 
ing to  the  genus  Sagitta,  the  precise  systematic  position  of  which 
is  somewhat  doubtful.  They  appear,  however,  to  form  a  con- 
necting link  between  the  Annelides  on  the  one  hand,  and  tbn 
free  Nematoids  on  the  other  hand. 

The  Sagitta  (fig.  120)  have  elongated  transparent  bodies, 


rarely  over  an  inch  in  length,  having  the  hinder  end  of  Ih* 
body  expanded  into  a  striated  caudal  fin,  similar  fins  ofteo 
existing  on  the  sides  of  the  body  as  well  The  head  car- 
ries a  series  of  setie  placed  in  front  of  the  mouth,  and  the 
oral  aperture  is  furnished  with  unciform  corneous  brisdes 
or  "fakes,"  which  act  as  jaws.  The  alimentary  canal  i* 
straight,  and  terminates  in  an  anus  placed  at  the  base  of  tbc 
tail  below. 

"  A  single  oval  ganglion  lies  in  the  abdomen,  and  sendSf 
forwards  and  backwards,  two  pairs  of  lateral  cords.     Tb* 
lateral  cords  unite  in  front  of  and  above  the  mouth  into  * 
hexagonal  ganglion.     This  gives  ofif  two  branches  which  diU^  ; 
at  their  extremities  into  the  spheroidal  ganglia,  co  which  tb^ 
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daitly  pigmented  imperfect  eyes  rest  The  ovaries,  saccular 
organs,  lie  on  each  side  of  the  intestine  and  open  on  either 
side  of  the  vent ;  receptacula  seminis  are  present  Behind  the 
anus,  the  cavity  of  the  tapering  caudal  part  of  the  body  is 
partitioned  into  two  compartments ;  on  the  lateral  parietes  of 
these,  cellular  masses  are  developed  which  become  detached, 
and,  floating  freely  in  the  compartment,  develop  into  sperma- 
tozoa. These  escape  by  spout-like  lateral  ducts,  the  dilated 
bases  of  which  perform  the  part  of  vesicula  seminaks.  The 
embryos  are  not  ciliated,  and  imdergo  no  metamorphosis" 
(Huxley). 

The  species  of  Sagitta  are  found,  living  in  the  open  sea,  in 
the  Mediterranean,  and  in  the  Atlantic  and  Pacific  Oceans. 
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CHAPTER    XXX. 
ARTHROPODA . 


Division  II.  Arthropoda,  or  Articulata. — The  remaining 
members  of  the  sub-kingdom  Annuhsa  are  distinguished  by 
the  possession  oi  jointed  appendages^  articulated  to  the  body;  and 
they  form  the  second  primary  division — often  called  by  4* 
name  Articuiata,  As  this  name,  however,  has  been  employed 
in  a  wider  sense  than  is  understood  by  it  here,  it  is  peibap< 
best  to  adopt  the  more  modem  term  Arthropoda, 

The  members  of  this  division,  comprising  the  CrusUueC 
(Lobsters,  Crabs,  &c.),  the  Arachnida  (Spiders  and  Scorpions); 
the  Myriapoda  (Centipedes),  and  the  Insecta,  are  distinguishe< 
as  follows : — 

The  body  (fig.  no)  is  composed  of  a  series  of  segments 
arranged  along  a  longitudinal  axis ;  each  segment,  or  "  somite^' 
occasionally,  and  some  always,  being  provided  with  articulate^ 
appendages.  Both  the  segmented  body  and  the  articulate^ 
limbs  are  more  or  less  completely  protected  by  a  chitinod^ 
exoskeleton,  formed  by  a  hardening  of  the  cuticle.  The  tj 
pendages  are  hollow,  and  the  muscles  are  prolonged  into  thcJ 
interior.  The  nervous  system  in  all,  at  any  rate  in  the  emfaBf 
onic  condition,  consists  of  a  double  chain  of  ganglia,  plao^ 
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ikng  the  ventral  suiface  of  the  body,  united  by  longitudinal 
annmissures,  and  traversed  anteriorly  by  the  oesophagus.  The 
uemal  system,  when  dififerentiated,  is  placed  dorsally,  and  con- 
Bsts  of  a  contractile  cavity,  or  heart,  provided  with  valvular 
tpertures,  and  communicating  with  a  perivisceral  cavity,  con- 
aining  corpusculated  blood.  Respiration  is  effected  by  the 
Senend  surface  of  the  body,  by  gills,  by  pulmonary  sacs,  or  by 
fibular  involutions  of  the  integmnent,  termed  '^  tracheae."  In 
IK)  member  of  the  division  are  vibratile  cilia  known  to  be  de- 
vdoped.  According  to  Professor  Huxley,  an  additional  con- 
stant character  of  the  Arthropoda  is  to  be  found  in  the  structure 
of  the  head,  which  is  typically  composed  of  six  segments,  and 
oerer  contains  less  than  four. 

The  Arthropoda  are  divided  into  four  great  classes — ^viz., 
'^tCrustcueay  the  Arachniday  the  Myriapoday  and  the  Insecta; 
which  are  roughly  distinguished  as  follows : — 

1.  Crustacea.  —  Respiration  by  means  of  gillsy  or  by  the 
purcU  surface  of  the  body.  Two  pairs  of  antenna.  Locomotive 
^fpmdagesy  more  than  eight  in  number^  borne  by  the  segments  of 
^thorax,  and  usually  of  the  abdomen  also, 

2.  Arachnida. — Respiration  by  pulmonary  vesicles^  by  trachece^ 
or  by  the  general  surface  of  the  body.  Head  and  thorax  united 
into  a  cephalothorax.  Antenna  (as  such)  absent.  Legs  eight, 
AU(fmen  without  articulated  appendages, 

3.  MvRiAPODA. — Respiration  by  trachea.  Head  distinct ;  re- 
Gamier  of  the  body  composed  of  nearly  similar  somites.  One  pair 
iwtenna.     Legs  numerous. 

4*  Insecta. — Respiration  by  trachea.  Head,  thorcuXy  and 
fUmen  distinct.  One  pair  of  antenna.  Three  pairs  of  legs 
hrw  on  the  thorcuc.  Abdomen  destitute  of  limbs.  Generally 
^  pairs  of  wings  on  the  thorax. 


CHAPTER    XXXI. 
CRUSTACEA. 


Class  I.  Crustacea. — The  members  of  this  class  are  com- 
BKmly  known  as  Crabs,  Lobsters,  Shrimps,  King-crabs,  Bar- 
Mides,  Acorn-shells,  &c.  They  are  nearly  allied  to  the  suc- 
CMding  order  of  the  Arachnida  (Spiders  and  Scorpions) ;  but 
ktf  usually  be  distinguished  by  the  possession  of  articulated 
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appendages  upon  the  abdominal  segments,  by  the  possession 
of  two  pairs  of  antennae,  and  by  the  presence  of  branchiae. 

The  body  is  composed  of  a  number  of  definite  rings  or  sq^. 
ments  ("  somites  "),  each  of  which  may  be  provided  with  a  pair 
of  jointed  appendages.      With  rare  exceptions,  some  of  the 
somites  of  the  adult  always  carry  appendages ;   and  one  or 
more  pairs  are  almost  invariably  adapted  for  mastication.    The 
nervous  system  of  the  embryo  has  the  typical  Annulose  form 
of  a  chain  of  ventral  ganglia,  between  the  first  two  pairs  of 
which  the  gullet  passes.     No  water-vascular  system  is  present; 
but  there  is  generally  a  true  blood-vascular  system.    The  heart, 
when  present,  is  placed  on  the  opposite  side  of  the  alimentary 
canal  to  the  ventral  nerve-chain,  and  communicates  by  valvular 
apertures  with  a  surrounding  venous  sinus — the  so-called  "peri- 
cardium."   When  differentiated  breathing-organs  are  present, 
these  are  always  in  the  form  of  branchiae  or  gills,  adapted  for 
respiring  air  dissolved  in  water. 

In  addition  to  these  characters,  the  body  in  the  Crustaaa 
is  always  protected  by  a  chitinous  or  sub-calcareous  exoskele- 
ton,  or  "  crust,"  and  the  number  of  pairs  of  articulated  limbs 
is  generally  from  five  to  seven.  They  all  pass  through  a  series 
of  metamorphoses  before  attaining  their  adult  condition,  and 
every  part  that  is  found  in  an  embryonic  form,  even  though 
only  temporarily  developed,  may  be  represented  in  a  perma- 
nent condition  in  some  member  of  a  lower  order. 

As  regards  the  classification  of  the  Crustacea,  the  tabular 
view  which  follows  embodies  the  arrangement  which  is  roost 
generally  adopted,  and  the  diagnostic  characters  of  each  order 
will  be  briefly  given,  a  more  detailed  description  being  reserved 
for  the  more  important  divisions  of  the  class.  Before  proceed- 
ing further,  however,  it  will  be  as  well  to  give  a  description  of 
the  morphology  of  a  typical  Crustacean,  selecting  the  lobster 
as  being  as  good  an  example  as  any. 

The  body  of  a  typical  Crustacean  may  be  divided  into  ihrw 
regions — a  head,  a  thorax,  and  an  abdomaiy  each  of  which  is 
composed  of  a  certain  number  of  somites,  though  opinions 
differ  both  as  to  the  number  of  segments  in  each  region,  and 
as  to  their  number  collectively.  By  the  majority  of  authorities 
the  body  is  looked  upon  as  being  typically  composed  oi  twenty 
one  segments,  of  which  seven  belong  to  the  head,  seven  to  the 
thorax,  and  seven  to  the  abdomen.  In  many  Crustacec^  how- 
ever, the  segments  of  the  head  and  thorax  are  welded  together 
into  a  single  mass,  called  the  '^  cephalothorax ; "  in  which  case  ^ 
the  body  shows  only  two  distinct  divisions,  of  which  the  cephakh  .' 
thorax  claims  fourteen  segments,  whilst  the  remaining  seven  are 
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allotted  to  the  abdomen.    By  Professor  Huxley,  on  the  other 
hand,  the  terminal  joint  of  the  abdomen,  termed  the  "  telson," 
is  regarded  as  an  appendage,  and  not  as  a  somite.     Upon  this 
view,  the  body  of  a  typical  Crustacean  will  consist  of  twenty 
segments  only.      Professor  Huxley,  further,  differs  from  the 
above-mentioned  view  in  the  allotment  of  the  somites,  and  he 
divides  the  body  into  six  cephalic,  eight  thoracic,  and  six  ab- 
dominal somites.*    Fritz  Miiller  and  Claus  deny  that  the  eyes 
are  limbs,  or  that  there  is  an  ocular  segment.     The  telson,  on 
the  other  hand,  is  regarded  by  the  former  as  a  true  somite, 
diiefly  because  the  intestine  \isually  opens  in  this  piece. 

Whilst  the  normal  number  of  segments  in  the  body  of  any 
Crustacean  may  thus  be  regarded  as  being  twenty-one,  or 
twenty,  there  occur  cases  in  which  this  number  is  exceeded, 
and  others  in  which  the  number  of  somites  is  apparently  less. 
1b  these  latter  cases,  however,  the  apparent  diminution  in  the 
number  of  segments  is  really  due  to  some  having  been  fused 
together,  as  is  shown  by  the  number  of  appendages,  since  each 
pair  of  appendages  indicates  a  separate  somite.  In  other 
cases,  however,  in  which  the  number  of  somites  is  really  less 
I  than  the  normal,  this  is  due  to  an  arrest  of  development  Ac- 
cording to  Milne-Edwards : — 

''  In  the  embryo  these  segments  are  formed  in  succession 
^  before  backwards,  so  that,  when  their  evolution  is  checked, 
the  latter,  rather  than  the  earlier,  rings  are  those  which  are 
wanting ;  and,  in  fact,  it  is  generally  easy  to  see  in  those  speci- 
mens <rf  full-grown  Crustaceous  animals,  whose  bodies  present 
fewer  than  twenty-one  segments,  that  the  anomaly  depends  on 
f  the  absence  of  a  certain  number  of  the  most  posterior  rings  of 
\  the  body."  According  to  Dana,  however,  the  abortion  of  seg- 
[  ments,  with  their  appendages,  almost  always  takes  place  at  the 
posterior  end  of  the  cephalothorax. 

In  no  single  example  can  a  general  view  be  obtained  of  the 
different  segments  and  their  appendages  in  the  Crustacea. 
**  Indeed,  the  only  segment  that  may  be  said  to  be  persistent, 
is  that  which  supports  the  mandibles,  for  the  eyes  may  be 
wanting,  and  the  antennae,  though  less  liable  to  changes  than 
the  remaining  appendages,  are  nevertheless  subject  to  very 
extraordinary  modifications,  and  have  to  perform  functions 
equally  various.     Being  essentially  and    typically  organs  of 

*  In  reality  the  five  hindmost  segments  of  the  eight  somites  here  allotted 

to  the  thorax,  should  alone  be  r^;arded  as  constituting  the  abdomen  proper, 

—that  11,  the  region  corresponding  to  the  "abdomen "of  insects  and  Arach- 

lida.     The  six  somites  allotted  above  to  the  abdomen  belong  to  what  is 

ttrictly  called  the  "fati-abdom^"  of  the  Crustacea, 
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touch,  hearing,  and  perhaps  of  smell,  in  the  highest  I> 
they  become  converted  into  burrowing  organs  in  the  Sc, 
organs  of  prehension  in  the  Merostomata^  daspers  for  1 
in  the  Cyclopoidea^  and  organs  of  attachment  in  the  CX 
Not  to  multiply  instances,  we  have  presented  to  u 
Crustacea  probably  the  best  zoological  illustration  of 
constructed  on  a  common  type,  retaining  its  general  d 
istics,  but  capable  of  endless  modification  of  its  part 
to  suit  the  extreme  requirements  oC  every  separate  \ 
(H.  Woodward). 

Taking  the  common  Lobster  (fig.  122)  as  a  good  am 
obtainable  type  of  the  Crustacea,  the  body  is  at  once 
be  composed  of  two  parts,  familiarly  called  the  ''  he 
the  "tail,"  the  latter  being  jointed  and  flexible, 
called  "  head  "  is  really  composed  of  both  the  head, 
so  called,  and  the  thorax,  which  have  coalesced  so  as 

a  single  mass,  technically  ca 
"  cephalothorax."      The    sc 
^       "tail,"  on  the  other  hand, 
..p  the " abdomen."   Thevariou 
dages  of  the  animal  are  i 
/       along  the  lower  surface  of  th 

121  —  Th  retcai  fiffure  '1-  ^^^  consist  of  the  feeler 
^toting  th?"comp<SS  l>f  claws,  legs,  &c  The  entir 
the   t^umentary  skc»eton   of  with  the  articulatcd  appeuc! 

the    Crustacea  (after  Milne-Ed-  ,  ,       .  "'^ 

wards).      D.    Dorsal    arc :    /  /    eUClOSed      m      a      StrOUg     C 


Fi 


f««^itiJL'  *"^™""  "•  ""  cephalic  shield  or  plate,  k 

termed  the  "  carapace." 
Each  segment  of  the  body  may  be  regarded  as  esj 
composed  of  a  convex  upper  plate,  termed  the  "t 
which  is  dosed  below  by  a  flatter  plate  called  the  "  st 
the  line  where  the  two  unite  being  produced  dov 
and  outwards,  into  a  plate,  which  is  called  the  "  pleu 
pleura"  (fig.  123,  2). 

Strictly  speaking,  the  composition  of  the  typical  somite  is  con 
more  complex,  each  of  the  primary  arcs  of  the  somite  being  ret 
posed  of  four  pieces.  The  tergal  arc  is  composed  of  two  centn 
one  on  each  side  of  the  middle  line  of  the  body,  united  together, 
stituting  the  "tergum"  proper.  The  superior  arc  is  complete! 
lateral  pieces,  one  on  each  side  of  the  tergum,  which  arc  te 
"epimera."  In  like  manner  the  ventral  or  sternal  arc  is  comp 
central  plate,  composed  of  two  pieces  united  together  in  the  mid 
and  constituting  the  **  sternum  proper;  the  arc  being  complete 
lateral  pieces,  termed  the  "  epistema.**    These  plates  are  usuaU} 
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lea  completely  anchfloied  together,  and  the  tme  strneture  of  the  somite 
in  tbew  cues  is  often  iboini  by  what  are  called  "  apodemata. "  These 
ate  lepta  iriiich  proceed  iniraidt  from  the  internal  Enrfkce  of  the  somite, 


U- 


-The  eooniKHi  LobMer  (Htmana  vmliarit),  viewed  from  belaw.    a  Tlia 

.  -BIBDC:  a'  The  gnaier  uiiciDnai;  ■  TheW  pur  at  rool><n;  c  Ttia 

ew  elan,  or  lint  pair  af  Icei  :  i/  r //-  TliE  lui  fbur  piin  of  miking  kg* !  * 
lit  I  m  Tba  u  pain  of  ibdominal  appenduei,  the  Lui  live  lieing  "  iwirn- 
■ctAv*"  and  th«  lut  itf  all  beiiig  greatly  expuidecl  ;  t  The  ]u1  IcgldeaL  of  lb« 
Mt,  witboiu  appadags. 


fiecei  of  the  fcpnent  (Gg;  i: 
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It  must  be  borne  in  mind  that  though  the  so-called  "  head" — that  is  to 
say,  the  **  cephalothorax  " — of  the  Lobster  is  produced  hy  an  amalgama- 
tion of  the  various  somites  of  the  head  and  thorax,  this  is  not  the  case  with 
the  great  shield  which  covers  this  portion  of  the  body.  This  shield — the 
so-called  ** cephalic  buckler,"  or  "carapace" — is  not  produced  by  the 
union  of  the  tergal  arcs  of  the  various  cephalic  and  tho^cic  s^ments,  as 
would  at  first  sight  appear  to  be  the  case.  On  the  contrary,  the  "  cara- 
pace "  in  the  higher  Crustacea  is  produced  by  an  enormous  development 
of  the  tergal  pieces,  or  of  the  "epimera"  of  one  or  two  of  the  cephalic 
segments  :  the  tergal  arcs  of  the  remaining  somites  being  overlapped  by 
the  carapace  and  remaining  undeveloped. 

Examining  the  somites  from  behind  forwards  (for  simpli- 
city's sake),  the  last  segment  comes  to  be  first  described.  Tms 
is  the  so-called  "  telson,"  which  forms  the  last  articulation  of 
the  abdomen,  and  never  bears  any  appendages.  For  this 
reason,  many  authorities  do  not  regard  it  as  a  somite,  properly 
speaking,  but  simply  as  an  azygous  appendage — that  is  to  say, 
as  an  appendage  without  a  fellow.  In  the  next  segment  (the 
last  but  one,  or  the  last,  of  the  abdomen,  according  to  the  view 
which  is  taken  of  the  "  telson  "),  there  is  a  pair  of  natatory  ap- 
pendages, called  "  swimmerets."  Each  swimmeret  (fig.  123, 2) 
consists  of  a  basal  joint,  which  articulates  with  the  sternum, 
and  is  called  the  "  protopodite "  or  propodite,  and  of  two 
diverging  joints,  which  are  attached  to  the  former ;  the  outer 
of  these  being  called  the  "  exopodite,"  and  the  inner  the 
"  endopodite."  In  this  particular  segment,  the  exopodite  and 
the  endopodite  are  greatly  expanded,  so  as  to  form  powerfiil 
paddles,  and  the  exopodite  is  divided  into  two  by  a  transverse 
joint  In  the  succeeding  somites  of  the  abdomen — with  the 
exception  of  the  first,  in  which  there  is  some  modification — 
the  appendages  are  in  the  form  of  swimmerets,  essentially  the 
same  as  those  attached  to  the  penultimate  segment,  and  differ- 
ing only  in  the  fact  that  the  exopodite  and  endopodite  are 
much  narrower,  and  the  former  is  undivided  (fig.  122).  The 
last  thoracic  somite — immediately  in  front  of  the  abdomen — 
carries  a  pair  of  the  walking  or  ambulatory  legs,  each  consisting 
of  a  short  basal  piece,  or  "  protopodite,"  and  of  a  long  jointed 
"  endopodite,"  the  "  exopodite  "  not  being  develop^.  The 
next  thoracic  segment  carries  another  pair  of  ambulatory  limbs, 
quite  similar  to  the  last,  except  for  the  fact  that  the  protopo- 
dite  bears  a  process  which  serves  to  keep  the  gills  apart,  and 
is  termed  the  "  epipodite."  The  succeeding  segment  supports 
a  pair  of  limbs  similar  to  the  last  in  all  respects,  except  that 
its  extremities,  instead  of  being  simply  pointed,  are  converted 
into  nipping  claws  or  **  chelae."  The  next  segment  of  Ae 
thorax  carries  a  pair  of  chelate  limbs,  just  like  the  preceding  9 
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and  the  next  is  lumished  with  appendages,  which  are  essen- 
tially the  same  in  structure,  but  are  much  larger,  constituting 
tiie  great  claws.    The  next  two  segments  of  the  thorax,  and 


r  of  Lcbicer.     i.  Lobtttr,  vith  all  tfac  ippcndacu,  empt  the 
t,    naiiT<d,  ud   IhE   abilgniinlJ    umilri  KparalRl   froiil  one 

^ . »_F-«:   '  Tdnn.     *.  Itw  third  abdomiiuJ  tuinilE  Kpmud:  ( 

Toiua;  t  Sternum;  i  Pteunn:  a  PrDdniixtile ;  t  EiDpodltt;  f  Endopodile.     y 
(Kor  lb*  tttt  poii  El  root-jan  or  muilUpeda :  f  Epipodiis ;/'  Gill  i  the  othv 

At  segment  in  front  of  these  (by  some  looked  upon  as  belong- 
"%  to  the  head,  by  others  as  referable  to  the  thorax),  bear 
^  apair  of  modified  limbs,  which  are  termed  "  maxillipedcs," 
■"ftw-jaws."    These  are  simply  limbs  with  the  ordinary 
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Structure  of  protopodite,  exopodite,  endopodite,  and  epipodil 
but  modified  to  serve  as  instruments  of  mastication,  tJie  hin 
most  pair  being  less  altered  than  the  two  anterior  pairs  (fii 
123,  3).  The  next  two  somites  carry  appendages,  which  a 
in  the  form  of  jaws,  and  are  termed  respectively  the  first  ai 
second  pairs  of  *'  maxillae.*'  Each  consists  of  the  parts  afor 
mentioned,  but  the  epipodite  of  the  first  pair  of  maxillae 
rudimentary,  whilst  that  of  the  second  pair  is  laige,  and 
shaped  like  a  spoon.  It  is  termed  the  '^  scaphognathite,"  an 
its  function  is  to  cause  a  current  of  water  to  traverse  the  gil 
chamber  by  constantly  baling  water  out  of  it  The  next  sq 
ment  carries  the  biting  jaws,  or  "  mandibles ; "  each  of  whic 
consists  of  a  large  protopodite,  and  a  small  endopodite,  whic 
is  termed  the  "palp,"  whilst  the  exopodite  is  undevelopec 
The  aperture  of  the  mouth  is  situated  between  the  bases  of  th 
mandibles,  bounded  behind  by  a  forked  process,  called  tb 
"labium,"  or  "metastoma,"  and  in  front  by  a  single  plat« 
called  the  "  labrum  "  (upper  lip).  The  next  segment  bear 
the  long  antennae,  or  feelers  (fig.  122,  a),  each  consisting  of; 
short  protopodite,  and  long,  jointed,  and  segmented  endc 
podite,  with  a  very  rudimentary  exopodite.  In  fi*ont  of  thi 
great  antennae  are  the  next  pair  of  appendages,  termed  th( 
"  antennules,"  or  smaller  antennae  (fig.  122,  a),  each  composec 
of  a  protopodite,  and  a  segmented  endopodite  and  exopodite 
which  are  nearly  of  equal  size.  Finally,  attached  to  the  to 
segment  of  the  head  are  the  eyes,  each  of  which  is  borne  upa 
an  eye-stalk  formed  by  the  protopodite.  The  gill-chambo'  is 
formed  by  a  great  prolongation  downwards  of  the  pleura  c/t 
the  thoracic  segments,  and  the  gills  are  attached  to  the  bases 
of  the  legs. 

As  regards  the  digestive  s)rstem  of  the  Crustacea^  the  ali- 
mentary canal  is,  with  few  exceptions,  continued  straight  from 
the  mouth  to  the  aperture  of  the  anus.  There  are  no  salivary 
glands,  but  a  large  and  well-developed  liver  is  usually  present 
A  heart  is  generally,  but  not  always,  present  In  most  of  tbc 
lower  forms  it  is  a  long  vasiform  tube,  very  like  the  "  dorsal 
vessel "  of  Insects.  In  the  higher  Crustaceans,  the  course  of 
the  circulation  is  a  follows  (fig.  124) : — ^The  heart  is  a  muscular 
sac,  situated  dorsally,  beneath  the  carapace,  and  it  gives  origin 
to  six  arterial  trunks,  which  convey  the  aerated  blood  to  aD 
parts  of  the  body.  The  minute  terminations  of  the  arteries 
open  into  a  series  of  irregular  venous  sinuses,  whence  it  is 
collected  into  a  principal  ventral  sinus,  and  distributed  to  the 
branchiae,  where  it  undergoes  aeration.  From  the  gills  the  now 
aerated  blood  is  carried  by  a  series  of  branchial  vessels  to  a 
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large  sac,  which  is  badly  termed  the  "pericardium,"  and  which 
envelops  aDd  suirounds  the  heart     The  arterial  blood  gains 


d  kiD£itudiD«])r^  th« 


xcess  to  the  cavity  of  the  heart  by  means  of  six  pairs  of 
lalTular  fissures,  which  allow  of  the  ingress  of  the  blood,  but 
prevent  regtii^tation.  A  portion  of  the  venous  blood,  how- 
ever, is  not  sent  to  the  branchite,  but  is  returned  directly, 
"ithout  aeration,  to  the  pericardium ;  so  that  the  heart  finally 
distributes  to  the  body  a  mixture  of  venous  and  arterial  blood. 
Distinct  respiratory  and  circulatory  organs  may  be  altogether 
■audcg;  but,  as  a  rule,  distinct  branchiae  are  present.  The 
exact  form  and  structure  of  the  gills  dilTer  in  different  cases, 
bot  their  leading  modifications  will  be  alluded  to  in  treating  of 
&t  different  orders. 


Tabulak  View  of  the  Divisions  of  the  Ckustacea. 


Subclass  I. 

Epizoa  (^Haiutdhla). 

Older  I 

SnlxJassII. 

CiRRIPEDIA. 

Older  3 

"     4- 
"     5 

T%oradca. 

(Balanidje. 
X  Vemicidae. 
(  LepadLdae. 
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Sub-class  III.  Entomostraca. 

Order  6.  Ostracoda, 

7.  Copepoda, 

8.  Cladoctra. 

9.  Phyllopoda, 

10.  TrUobita, 

11.  Merostomata, 


\  Legion,  Loph3rropoda. 


} 


Le^on^  Branchiopoda. 


Sub-class  IV.  Malacostraca. 

Division  a.  Edriophthalmata. 

Order  12.  Lamodipodcu 
w      13.  Amphipoda, 
II      14.  Isopoda, 

Division  b.  Podophthalmata. 

Order  15.  Stomapoda. 
16.  Decapoda, 

Tribe  a,  Macrura, 

II     b,  Anomura, 

c,  Brachyura, 


M 


II 


CHAPTER  XXXIL 

EPIZOA   AND   CIRRIPEDIA, 

Sub-class  I.  Epizoa  (Hausfeiiata). — The  members  of  this  sub 
class  of  the  Crustacea  are  in  the  adult  state  parasitic  upon  tlv 
bodies  of  fishes,  and  are  usually  deformed ;  but  in  the  youni 
condition  they  are  locomotive,  and  are  furnished  with  antennJ 
and  eyes.  The  mouth  is  suctorial,  and  the  limbs  are  terminate 
by  suckers,  hooks,  or  bristles.  There  are  no  differentiate 
respiratory  organs,  but  respiration  is  performed  by  the  surfic 
of  the  body.  The  males  are  rudimentary,  and  are  much  smalk 
than  the  females,  which  are  usually  furnished  with  extertt 
ovisacs.  The  Epizoa  are  closely  allied  to  the  Copepoda^  an 
may,  indeed,  be  regarded  as  parasitic  Copepods,  having  tli 
mouth  modified  so  as  to  form  a  suctorial  tube  or  beak,  resd 
ing  from  the  elongation  of  the  labrum  and  labium.  With! 
this  are  two  stylets  or  lancet-shaped  mandibles,  used  i 
piercing.  The  feet  are  often  deformed  by  age,  or  wantin 
but  are  primitively  natatory.  Not  only  does  their  devdo 
mental  history  bear  out  this  view,  but  cases  are  known  ( 
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entma^  in  which  the  males  do  not  undergo  retrograde 
ffphosiSy  but  remain  permanently  in  the  condition  of 
pepods. 

division  includes  the  single  order  Ichthyophihiray  the 
ers  of  which  are  therefore  the  same  as  those  of  the  sub- 
>mprising  various  parasites  upon  fishes  belonging  to  the 
LartUEa^  AchthereSy  Pmiculus^  &c. 
ER  I.  IcHTHYOPHTHlRA. — Adult parasitic^  deformed^  oftm 
idimmtary  limbs ;  mouth  suctorial;  respiratory  organs 
f;  females  with  external  ovisacs,  Larvce  locomotive^  and 
wg  retrograde  metamorphosis, 

members  of  this  order  are  attached  in  the  adult  con- 
to  the  skin,  eyes,  or  gills  of  fishes,  and  when  mature 

an  elongated  body,  having  a  more  or  less  distinct 
ind  in  the  females  usually  a  pair  of  long,  cylindrical 
,  depending  from  the  extremity  of  the  abdomen.  Some 
by  a  suctorial  mouth,  or  by  cephalic  processes  ( Cepha- 
others  are  attached  by  a  suctorial  disc,  developed  at 
remities  of  the  last  pair  of  thoracic  limbs,  which  are 

together  (Brachiuna);  whilst  in  others  (Onchuna) 
lent  is  effected  by  hooks  at  the  free  extremities  of  the 
r  of  thoracic  limbs  (Owen). 


— Idithyophthira.    a  Free-swimming  larva  of  Acktkeres percamm  in  its  first 
stage ;  b  Adult  male  of  the  same.    Enlarged.    (After  Owen.) 

males  are  usually  not  attached,  but  adhere  to  the  fe- 
>f  which,  from  their  much  smaller  size,  they  appear  to 
I  parasites.  The  chief  anatomical  peculiarities  of  the 
are  the  following : — The  head  is  provided  usually  with  a 
jointed  antennse,  and  the  body  is  divided  into  a  cepha- 
K  and  abdomen.  The  alimentary  canal  consists  of  a 
gullet,  and  intestine,  terminating  posteriorly  in  a  distinct 
The  nervous  system  consists  of  a  double  ventral  cord. 
embyro  (fig.  125,  a)  is  free-swimming,  and  is  provided 
sual  <»gan8  and  locomotive  appendages.  The  two 
re  now  alike,  and  the  conversion  of  the  active  embryo, 
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or  larva,  into  the  swollen  and  deformed  adult,  must  be  regarded 
as  an  instance  of  "  retrograde  metamorphosis."  In  Achikertt 
percarum  (fig.  125),  the  primitive  form  of  the  young  is  a 
"Nauplius;"*  but  a  wholly  different  larva,  resembling  the 
Cydops  in  shape,  but  with  fewer  limbs  and  somites,  is  pre- 
pared within  the  Nauplius-skio,  and  is  liberated  by  the  rupture 
of  the  same. 

Order  II.  Khizocephala. — Adult  parasitic,  attachtd  fy 
ramified  roots  {antenna  f).  Body  sac-like,  unarticulaied,  with- 
out limbs,     No  mouth.     Larva  a  locomotive  "  nauplius." 

The  Rhisocephala  constitute  a  peculiar  group  of  Ciustaceani, 
the  adults  of  which  are  found  attached  parasitically  to  the 
abdomen  of  Crabs  and  Hermit-crabs.    The  body  (fig.  116,  ]^ 


Fig.  i>«.-~MorpholaEvofX*ua:M4<i^  A.  First  lam]  fonn  of  j«nffi«/»yi>n^ 
ETcatly  enlarged.  B,  Voung  of /'r/fiYiu'rr  urio/ii  ultiched  to  Ihe  ■bdoBtDt'l 
HemuE-cinib ;  aid  the  root-like  pjocnua  of  utachmeDt  of  one  individual  hr  ihova 


(hown.    (A  ud  B  an  aftet  Friti  MQIter.) 

is  sac-like,  and  non-segmented,  and  consists  of  a  muscniu 
mantle  in  which  no  skeletal  structures  are  developed,  its  only 
aperture  being  reproductive  and  closed  by  a  sphincter.  There 
are  no  limbs,  sense-organs,  or  alimentary  canal,  but  there  are 
well-developed  reproductive  organs.  The  sac-like  body  » 
kept  in  connection  with  its  host  by  means  of  branched,  root- 
like  processes  of  attachment  {fig.  126,  B),  which  sink  deeply 
into  the  tissues  of  the  latter.  These  processes  appear  ID 
correspond  with  the  "  cement-ducts  "  of  the  Ciiripedes,  and 
to  be,  therefore,  really  the  homologues  of  the  antenme.  1^ 
their  means,  the  parasite  draws  nutriment  from  its  host;  UbJ 
as  similar  hollow  nutritive  processes  are  developed  on  die 

•  Tho  name  of  "  Nauplius  "  was  given  by  0.  F.  Miiller  to  the  ddm(- 
mented  ovale  larva  of  the  lower  Cruslacea,  with  a  median  frontal  eye,  t"I 
without  a  true  carapace  ;  and  this  name  may  be  conveniently  employed  tP 
desigiMte  all  the  larval  fonm  which  agree  in  these  charactcit. 
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"peduncle''  of  certain  Barnacles  {Andasma  squalicola)^  there 
are  grounds  for  accepting  Kossmanns's  view  that  the  Rhizoce- 
phaia  are  reaUy  to  be  regarded  as  a  degraded  group  of  the 
Cimpedia. 

The  embryos  of  the  Rhizocep?iala  (fig.  126,  A)  are  at  first 
"  naupliiform,"  with  an  ovate  unsegmented  body,  an  unpaired 
median  eye^  and  a  dorsal  shield  or  carapace.  The  abdomen 
terminates  in  a  movable  caudal  fork,  and  there  is  neither 
mouth  nor  alimentary  canal  In  their  second  stage  (as  so- 
called  "  pupae  "),  the  young  of  the  Rhizocepliala  are  enclosed 
in  a  bivalve  shell,  the  foremost  pair  of  limbs  constitute  pecu- 
liar organs  of  adhesion  ("  prehensile  antenna  "  of  Darwin^,  the 
two  following  pairs  of  limbs  are  cast  off,  and  six  pans  of 
powerful  biramose  natatory  feet  are  formed  on  the  abdomen. 
There  is  still  no  mouth.  The  "  pupae  "  now  attach  themselves 
to  the  abdomen  of  Crabs,  PorceUancty  and  Hermit-crabs ;  they 
remain  astomatous ; ''  they  lose  all  their  limbs  completely,  and 
aj^pear  as  sausage-like,  sack-shaped,  or  discoidal  excrescences 
(^  their  host,  filled  with  ova ;  from  the  point  of  attachment 
closed  tubeSy  ramified  like  roots,  sink  into  the  interior  of  the 
lK)st,  twisting  round  its  intestine,  or  becoming  diffused  amongst 
the  sack-like  tubes  of  its  liver.  The  only  manifestations  of 
life  which  persist  in  these  nonplus  ultras  in  the  series  of  retro- 
gressively  metamorphosed  Crustacea  are  powerful  contractions 
of  the  roots,  and  an  alternate  expansion  and  contraction  of  the 
body,  in  consequence  of  which  water  flows  into  the  brood- 
cavity,  and  is  again  expelled  through  a  wide  orifice."  (Fritz 
MiiUer).     • 

Sub-class  II.  Cirripedia. — Adult  attached^  enclosed  in  an 
integununiary  sac,  within  which  a  many-valved  shell  is  typically 
developed,  Antenma  modified  for  adhesion.  Abdomen  rudimen- 
tary. Limbs  usually  present^  in  the  form  of  multiarticulate  cirri, 
Saes  generally  united.     Young'  locomotive. 

This  sub-class  includes,  amongst  others,  the  common  Acorn- 
shells  and  the  Barnacles  or  Goose-mussels.     All  the  Cirripedia 
are  distinguished  by  the  fact,  that  in  the  adult  condition  they 
are  permanently  fixed  to  some  solid  object  by  the  anterior 
extremity  of  the  greatly  metamorphosed  head ;  the  first  three 
cephalic  segments  being  much  developed,  and  enclosing  the 
lest  of  the  body.     The  larva  is  firee  and  locomotive,  and  the 
subsequent  attachoyent,  and  conversion  into  the  fixed  adult,  is 
effected  by  means  of  a  peculiar  secretion,  or  cement,  which  is 
discharged  through  the  antennae  of  the  larva,  and  is  produced 
by  a  special  cement-gland,  which  is  really  a  portion  of  the  ovary. 
In  the   Cirripedia^  therefore,  the  head  of  the  adult  is  per- 
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manently  lixed  to  some  solid  object,  and  the  viiceral  cavi^  is 
protected  by  an  articulated  calcareous  shell,  or  by  a  coriaceous 
envelope.  The  posterior  extremity  of  the  animal  is  free,  and 
can  be  protruded  at  will  through  the  orifice  of  the  sheU.  This 
extremity  consists  of  the  abdomen,  and  of  six  pairs  of  forked, 
ciliated  limbs,  which  are  attached  to  the  thorax,  and  serve  to 
provide  the  animal  with  food.  The  two  more  important  types 
of  the  Cirriptdia  are  the  Acorn -shells  {Baiamda)  and  the 


Pis.  197.— MorphologT  orCinipAlIa.  A,  Lrias  fcttinala,  one  of  Ihc  Binadtl.  eM 
iidaoTlhc  ihell  being  icoioved,  enlu^four  lima:  c  Peduncle ;  dQjaaa/t*iO\ 
«  Oniy ;  I  Oviuc :  c  Vu  defeieu :  /  FenU.     U.  Prciiaima  Jlita,  ealMtfti  t* 

D.  B^Jama  ti-Uvtaimlnm.  with   ihe  ihelf  on  one  lide  itmand  lo  ibov  dit  •» 


)  of  ihc  apcrculutn ;  6  AncMhcr  valTe 

Barnacles  {Lepadida).  In  the  fonner  the  animal  is  sessil^  tbe 
larval  antenna,  through  which  the  cement  exudes,  being  im- 
bedded in  the  centre  of  the  membranous  or  calcareous  "  basis' 
of  the  shell.  In  the  latter  the  animal  is  stalked,  and  consitt 
of  a  "  peduncle"  and  a  "capitulura."  The  peduncle  consists 
of  the  anterior  extremity  of  the  body,  with  the  larval  antenme, 
usually  cemented  to  some  foreign  body.  The  capitulnni  ii 
supported  upon  the  peduncle,  and  consists  of  i.  case  composed 
of  several  calcareous  plates,  united  by  a  membrane,  endoBDg 
the  remainder  of  the  animal 

As  regards  the  development  of  the  Cirriptdia,  the  laiva  it 
at  first  a  "Nauplius,"  with  an  uns^;mented  pyriform  body,  a 
median  eye,  and  a  dorsal  shield  or  buckler.  The  abdomen  is 
produced  beneath  the  anus  into  a  long  forked  caudal  appen- 
dage, and  there  is  a  long  spine  over  the  anus.  A  mouth,  mtes- 
tine,  and  vent  are  present     After  several  moults  the  young 
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lecome  "  pupae  "  (fig.  1 28).    The  dorsal  shield  is  folded 
fi>nn  a  bivalve  shell ;  the  anterior  limbs  (antennae) 


nft.— Looomottve 


<« 


pupa  "of  BaloMMS.    a  Eye ;  h  Caudal  bristles ; 
c  Setigerous  limbs. 


formed  into  prehensile  organs;  the  two  following 
imbs  are  cast  off;  and  six  pair  of  strong,  biramose, 
feet  are  developed  upon  the  abdomen.  A  pair  of 
e  eyes  are  present,  but  there  is  no  mouth.  Finally, 
I  fix  themselves  by  the  prehensile  antennae  to  rocks, 
cb,  ships,  Sponges,  Cetaceans,  Turtles,  Crustaceans, 
Jelly-fish.  The  prehensile  antennae  are  glued  down 
itly  by  the  secretion  of  a  peculiar  cement-gland.  The 
becomes,  as  a  rule,  the  seat  of  definite  calcifications, 
it  is  converted  into  a  multivalve  calcareous  "  test ; " 
th  is  developed,  and  the  six  pairs  of  natatory  feet  are 
1  into  long  jointed  "  cirri,"  by  which  food  is  conveyed 
louth.  "  The  '  cement-ducts '  can  be  traced  as  far  as 
or  *  disc-segment '  of  the  antennae.  There  the  cement 
transude  and  fasten  down  the  disc;  soon  both  an- 
e  surrounded  by  a  common  border  of  cement,  which 
'  increases  in  extent  after  the  metamorphosis.  In  the 
\sUcHlaris  the  cement  is  poured  forth  in  sufficient 
s  to'fbrm,  itself,  the  substance  to  which  the  peduncle 
lult  barnacle  adheres,  and  for  a  cluster  of  which  bar- 
constitutes  a  central  vesicular  float "  (Owen).  The 
land)  as  shown  by  Darwin,  is  *'  part  of,  and  continu- 
y  tbe  branching  ovaria,"  and  the  cement-ducts  open 
ht  prehensile  antennae. 

>rm  of  the  adult,  as  already  said,  differs  consider- 

the  two  most  important  types  are  .those  presented 

dy  by  the  Sessile  and  by  the  Pedunculated  Cirri- 

symmetrical  Sessile  Cirripedes  or  Balanida^  commonly 
i  Acorn-shells  (figs.  127,  C,  D^and  129,  a),  the  animd 
ted  by  a  calcareous  shell,  formed  by  calcifications 
le  walls  of  the  first  three  cephalic  segments.    The 
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animd  is  placed  within  the  shell,  head  downwaids,  and  is  fixed 
to  the  centre  or  a  shelly  or  membranous  plate,  which  closn 


Fit-  119.— MocpholonoTCiiTipeitia.    a  Saule  Cirripeile  or  Biluoicl,  aaiamm  tnktM: 
t  Pcdunculiuc  Cimptde  ot  Ltpudoid,  Ltfm  atalUtta. 

the  lower  aperture  of  the  shell,  and  which  is  termed  the 
"basis."  The  "basis"  is  fixed  by  its  outer  swrface  to  some 
foreign  object,  and  is  sometimes  compact,  sometimes  porww. 
Above  the  basis  rises  a  limpet-shaped,  conical,  or  cylindrical 
shell,  which  is  open  at  the  top,  but  is  capable  of  being  coin- 
pletely  closed  by  a  pyramidal  lid  or  "  operculum."  Both  the 
shell  itself  and  the  operculum  are  composed  of  calcareous 
plates  usually  differing  from  one  another  in  shape,  and  dis- 
tinguished by  special  names.  Within  the  shell  the  animal  » 
'fixed,  head  downwards.  The  thoracic  segments,  six  innmn- 
ber,  bear  six  pairs  of  limbs,  each  of  which  consists  of  a  jointed 
protopodite  and  a  much  segmented  exopodite  and  endopoditt, 
both  of  which  are  ciliated,  and  constitute  the  so-called  "  cifri," 
from  which  the  name  of  the  sub-class  is  derived.  These 
twenty-four  cirri — "  the  glass  hand  "  of  the  Balanus — are  in  in- 
cessant action,  being  protruded  from  the  opening  of  the  shell, 
and  again  retracted  within  it,  constantly  producing  currents  of 
water,  and  thus  bringing  food  to  the  animal.  There  arc  no 
specialised  respiratory  organs  in  the  family  of  the  BalaniJa. 
Balani  sometimes  attain  a  very  considerable  size,  and  Bdane 
psittams  is  largely  eaten  on  the  coast  of  Chili. 

The  remaining  family  of  the  Sessile  Cinipedes  is  that  of  the 
Verrucida,  comprising  only  the  single  genus  Verruca.  In  many 
respects  the  VtrrueidcE  approach  the  Balanida,  but  the  shdli* 
composed  of  six  valves  only,  and  is  unsymmetrical,  whilst  the 
scuta  and  terga  (forming  the  operculum),  though  movable,  aie 
not  furnished  with  a  depressor  muscle. 

In  the  Barnacles  {Lepadidtt.  figs.  127,  A,  B,  and  129,  f)the 
anterior  extremity  of  the  animal  is  enormously  elongated,  foiro 
ing  with  the  prehensile  antenna^  the  cement-ducts,  and  their 
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nidation,  a  long  stalk  or  peduncle,  whereby  the  animal  is 
tached  to  some  solid  object.  The  peduncle  is  cylindrical, 
f  varying  length,  flexible,  and  furnished  with  proper  muscles. 
1  some  species  it  is  naked,  but  in  others  it  is  furnished  with 
ilcareous  scales.  At  its  free  extremity  the  peduncle  bears 
vt "  capitulum,"  which  corresponds  to  the  shell  of  the  Bal- 
Qoids,  and  is  composed  of  various  calcareous  plates,  united 
)gether  by  a  membrane,  moved  upon  one  another  by  appro- 
riate  muscles,  and  protecting  in  their  interior  the  body  of  the 
nimal  with  its  appendages.  The  thorax  and  limbs  resemble 
lose  of  the  Balanus ;  but  "  slender  appendages,  which  from 
beir  position  and  connections  are  homologous  with  the 
lancluae  of  the  higher  Crustacea^  are  attached  to,  or  near  to, 
he  bases  of  a  greater  or  less  number  of  the  thoracic  feet,  and 
xtend  in  an  opposite  direction  outside  the  visceral  sac " 
Owen). 

All  the  Balanida  are  hermaphrodite,  and  this  is  also  the 
ase  with  most  of  the  Lepadida^  but  some  extraordinary 
xceptions  occur  in  this  latter  order.  Thus,  in  some  species 
i  Scalpellum  the  individual  forming  the  ordinary  shell  is 
anale,  and  each  female  has  two  males  lodged  in  transverse 
epressions  within  the  shell.  These  males  "  are  very  singular 
odies;  they  are  sac-formed,  with  four  bead-like  rudimental 
al?es  at  their  upper  ends ;  they  have  a  conspicuous  internal 
jrc;  they  are  absolutely  destitute  of  a  mouth,  or  stomach,  or 
bos;  the  cirri  are  rudimental  and  furnished  with  straight 
Mnes,  serving  apparentiy  to  protect  the  entrance  of  the  sac  ; 
ic  whole  animal  is  attached  like  the  ordinary  Cirripede,  first 
f  the  prehensile  antennae,  and  afterwards  by  the  cementing 
ibstance.  The  whole  animal  may  be  said  to  consist  of  one 
reat  sperm-receptacle,  charged  with  spermatozoa ;  as  soon  as 
lese  are!  discharged,  the  animal  dies." 

"  A  far  more  singular  fact  remains  to  be  told  \  Scalpellum 
^gare  is,  like  ordinary  Cirripedes,  hermaphrodite,  but  the 
lale  organs  are  somewhat  less  developed  than  is  usual ;  and, 
\  if  in  compensation,  several  short-lived  males  are  almost 
variably  attached  to  the  occludent  margin  of  both  scuta. 
.  .  I  Irave  called  these  beings  complemmtal  malcs^  to  signify 
at  they  are  complemental  to  an  hermaphrodite,  and  that 
ey  do  not  pair  like  ordinary  males  -with  simple  females" 
Darwin). 

Divisions  OF  CiRRIPEDIA. — (AFTER  DaRWIN.) 
DCR  I.   THORACICA. 

isfi^^bK^. cither  a £apituliim  on  a  pedicle,  or  an  operculated  shell  vr\\Vi 
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a  basis.  Body^  formed  of  six  thoracic  segments,  generally  lomislied  with 
six  pairs  of  limbs  ;  abdomen  rudimentary,  but  often  bearing  caudal  appen- 
dages. 

Fam,  I.  Balanida, 

Sessile,  without  a  peduncle ;  scuta  and  teiga  (forming  ^toperadmii 
provided  with  depressor  muscles;  the  rest  of  the  valves  immovably 
united  together. 
Fam.  2.   Verruada. 

Sessile.     Shell  asymmetrical,  with  scuta  and  teiga,  which  are  moT- 
able,  but  not  furnished  with  a  depressor  musck. 
Fam.  3.  Lepadida, 

Pedunculated.  Peduncle  flexible,  provided  with  muscles.  Scnti 
and  terga,  when  present,  not  furnished  with  a  depressor  muscle. 
Other  valves,  when  present,  not  united  into  a  single  immonbk 
case. 

Order  IL  Abdominalia. 

Carapace^  flask-shaped ;  body  formed  of  one  cephalic,  seven  thoradc, 
and  three  abdominal  segments,  the  latter  bearing  three  pairs  of  dni,  tflt 
the  thoracic  segments  being  without  limbs. 

Genus.     Cryptophialus. 

Order  IIL  Apoda. 

Carapace^  reduced  to  two  separate  threads  serving  for  attachment 
Body  consisting  of  one  cephalic,  seven  thoracic,  and  three  abdominal  seg* 
ments,  all  destitute  of  cirri.     Mouth  suctorial. 

Genus.    Pj'oteolep<u, 


CHAPTER  XXXIIL 

SUB-CLASS  ENTOMOSTRACA. 

Sub-class  IIL  Entomostraca  {Gnathopoda,  Woodward).— 
The  term  Entomostraca  has  been  variously  employed,  and  fet 
authorities  include  exactly  the  same  groups  of  the  Crust(UtA 
under  this  name.  By  most  the  division  is  simply  defined  » 
including  all  those  Crustacea  in  which  the  segments  of  the 
thorax  and  abdomen,  taken  together,  are  more  or  fewer  than 
fourteen  in  number — the  parasitic  Elpizoa  and  the  CirnftS^ 
being  excluded.  By  Professor  Rupert  Jones  the  following  d^ 
finition  of  the  Entomostraca  has  been  given : — 

"Animal  aquatic,  covered  with  a  shell  or  carapace,  of» 
horny  consistency,  formed  of  one  or  more  pieces,  in  some 
genera  resembling  a  cuirass  or  buckler,  and  in  others  a  bivabc 
shell,  which  completely  or  in  great  part  envelops  the  body  and 
Jimbs  of  the  animal.     In  other  genera  the  animal  is  invested 


ANNULOSA:  CRUSTACEA.  277 

ith  a  muldvalve  carapace,  like  jointed  plate-armour ;  the 
nmchiae  are  attached  either  to  the  feet  or  to  the  organs  of 
ostication ;  the  limbs  are  jointed,  and  more  or  less  setiferous. 
he  animalsy  for  the  most  part,  undergo  a  regular  moulting  or 
ai^  of  shell,  as  they  grow  ;  in  some  cases  this  amounts  to 
species  of  transformation.*' 

The  Entomostraca  are  divided  into  two  great  divisions,  or 
kgionsy"  the  Laphyropoda  and  the  Branchiopoda^  with  which 
le  order  Merostomata  may  be  conveniently  considered. 
Division  A.  Lophyropoda. — The  members  of  this  division 
oness  few  branchiae,  and  these  are  attached  to  the  appen- 
igcs  of  the  mouth.  The  feet  are  few  in  number,  and  mainly 
ibserve  locomotion ;  the  carapace  is  in  the  form  either  of 
shield  protecting  the  cephalothorax,  or  of  a  bivalve  shell 
Qdosing  the  entire  body.  The  mouth  is  not  suctorial,  but  is 
mished  with  oigans  of  mastication. 

This  division  comprises  the  two  orders  Ostracoda  and 
^4pepoda. 

Order  I.  Ostracoda. — Small  Crustaceans  having  the  entire 
liy  enclosed  in  a  shell  or  carapace^  which  is  composed  of  two 
tkes  united  along  the  back  by  a  membrane.  The  branchice 
ft  attached  to  the  posterior  jaws^  and  there  are  only  two  or  three 
w  of  feet ^  which  subserve  locomotion^  but  are  not  adapted  for 
9nMming,  A  distinct  heart  is  sometimes  present  (Cypridina), 
ttt  is  more  usually  wanting  {Cypris  and  Cy there). 

Little  is  known  of  the  development  of  the  Ostracoda^  but  the  young  of 
l|^ are  said  to  be  "shell-bearing  Nauplius  forms"  (Claus),  possessing 
ujrthe  three  anterior  pairs  of  limbs,  but  protected  by  a  bivalve  shell.  As 
other  Nauplii^  the  third  pair  of  limbs,  though  now  locomotive,  are  ulti- 
■tely  transformed  into  the  mandibles.  They  pass  through  several  stages, 
ith  complete  moults,  before  arriving  at  sexual  maturity.  The  young  of 
^ken^  on  the  other  hand,  have  at  birth  the  two  pairs  of  antennse  and  two 
in  of  jaws,  with  three  pairs  of  rudimentary  abdominal  limbs. 

The  order  includes  the  Cyprides  (fig.  130,  a%  which  are  of 
most  universal  occurrence  in  fresh  water.  The  common 
fris  is  completely  protected  from  its  enemies  by  a  bivalve 
tapace,  which  it  can  open  and  shut  at  will,  and  out  of  which 
can  protrude  its  feet.  The  closure  of  the  carapace  is  effected 
means  of  an  adductor  muscle.  Locomotion  is  mainly 
ected  by  means  of  a  pair  of  caudal  appendages.  The  Cypris 
sctremdy  prolific,  and  a  single  impregnation  appears  to  last 
!  female  for  its  entire  lifetime.  Young  females,  produced  in 
I  way,  are  also  capable  for  some  generations  of  producing 
h  individuals  without  the  influence  of  a  male  (partheno- 
esis). 
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Ordkr  II.  CoPEPODA. — Smail  Crustactam,  htrvhig  ikt  tad 
and  thorax  covered  by  a  carapace,  andfuntishai  with  five  fun 
of  natatory  feet.  Usually  there  are  two  caudal  locometm  <^ 
pendages,  A  distinct  heart  is  sometimes  absent  (as  in  the  Cjda- 
pida),  but  is  sometimes  present  Both  marine  and  fresh-mter 
Copepods  are  known. 

The  larvae  of  the  Copepods  are  Naupliifonn,  vith  unpaired 
eyes,  three  pairs  of  limbs  (the  future  antennae  and  mandibles), 
and  two  terminal  setae.  Next  the  maxillae  are  produced,  and 
then  three  other  pairs  of  limbs  {the  foot-jaws  and  the  two  front 
pairs  of  natatory  feet).  At  the  next  moult,  the  larva  assumes 
the  Cyclops  form,  but  has  at  first  much  fewer  limbs  and  somiitt 

In  the  Cyclops  (fig.  130,  e),  which  is  one  of  the  commontft 


Fig.  13a.— Frcsh- 


of  the  "  Water-fleas,"  the  cephalothorax  is  protected  superiorij 
by  a  carapace,  and  the  abdominal  somites  are  conspicucos. 
In  front  of  the  head  is  situated  a  single  large  eye,  behind  which 
are  the  great  antennas  and  the  antennules.  The  feet  are  five 
pairs  in  number,  each  consisting  of  a  protopodite  andas^' 
mented  exopodite  and  endopodite,  usually  furnished  with  hus, 
and  forming  an  efficient  swimming  apparatus.  The  70iu>g 
pass  through  a  metamorphosis,  and  are  not  capable  of  repn- 
ducing  the  species  until  after  the  third  moult  or  change  of 
skin.  The  female  Cyclops  carries  externally  two  ovisacs,  in 
which  the  ova  remain  till  they  are  hatched.  A  single  congiea 
with  the  mate  is  apparently  sufficient  to  fertilise  the  female  for 
life. 

The  Copepoda,  or  Oar-fooled  Crustaceans,  are  all  of  smill 
size,  and  are  of  common  occurrence  in  fresh  water  in  sU  patti 
of  Europe.     Many  forms  also  live  in  the  sea,  sometimes  ii) 
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immense  numbers.  Thus  Cdochilut  is  so  abundant  in  the 
North  and  South  Atlantic,  as  to  communicate  a  ruddy  tinge 
to  the  ocean,  and  to  serve  as  one  of  the  principal  articles  of 
diet  of  the  whale.  By  good  authorities  the  Ichthyophthira  are 
regarded  as  merely  Copepoda  peculiarly  modified  to  suit  a  life 
of  parasitism. 

Division  B.  Branchiopoda. — The  Crustaceans  included  in 
this  division  have  many  branchiae,  and  these  are  attached  to 
the  1^  which  are  often  numerous,  and  are  formed  for  swim- 
ming. In  other  cases  the  legs  themselves  are  flattened  out  so 
as  to  form  branchiae.  The  body  is  either  naked,  or  is  protected 
by  a  carapace,  which  may  enclose  either  the  entire  body,  or  the 
head  and  thorax  only.  The  mouth  is  provided  with  organs  of 
inastication. 

The  Branchiopoda  comprise  the  Cladocera^  the  Phyliopoda^ 
and  probably  the  Trilobita^  though  this  order  departs  in  many 
respects  from  the  above  definition.  The  Merostomaia  may  be 
considered  along  with  these,  though  these,  too,  are  in  many 
respects  peculiar. 

Order  I.  Cladocera. — The  members  of  this  order  are 
^dl  Crustaceans^  which  have  a  distinct  head^  and  have  the 
ti'hole  of  the  remainder  of  the  body  enclosed  within  a  bivalve 
carapace,  similar  to  that  of  the  Ostracoda.  The  feet  are  few  in 
number  {usually  four,  five,  or  six  pairs),  and  are  mostly  respir- 
atory, carrying  the  branchice.  Thvo  pairs  of  antennce  are  present, 
the  larger  pair  being  of  large  size,  branched,  and  acting  as  nata- 
tory organs.  The  Cladocera  quit  the  egg  with  the  full  number 
of  limbs  proper  to  the  adult 

In  the  Daphnia  pulex  (fig.  130,  b\  or  "  branched-homed 
Water-flea,"  which  occiurs  commonly  in  our  ponds,  the  body 
is  enclosed  in  a  bivalve  shell,  which  is  not  furnished  with  a 
hinge  posteriorly,  and  which  opens  anteriorly  for  the  protrusion 
of  the  feet    The  head  is  distinct,  not  enclosed  in  the  cara- 
pace, and  carrying  a  single  eye.     The  mouth  is  situated  on 
die  under  surface  of  the  head,  and  is  provided  with  two  man- 
dibles and  a  pair  of  maxillae.     The  gills  are  in  the  form  of 
phtes,  attached  to  the  five  pairs  of  thoracic  legs.     The  males 
are  very  few  in  number,  compared  with  the  females,  and  a 
angle  congress  is  all  that  is  required  to  fertilise  the  female  for 
fife.    Not  only  is  this  the  case,  but  the  young  females  pro- 
duced from  the  original  fecundated  female  are  able  to  brmg 
forth  young  without  having  access  to  a  male.     Two  kinds  of 
eggs  occur  in  Daphnia.    In  the  first  of  these,  or  *'  summer 
eggs,"  the  ova  (from  ten  to  fifty  in  number)  are  deposited  in 
an  open  space  between  the  valves,  and  are  retained  there  until 
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the  young  are  ready  to  be  hatched.  In  the  Kcond  of  then 
or  "  winter  eggs,"  which  alone  are  fecundated,  the  ova  (genet 
ally  two  in  number)  are  placed  in  a  peculiar  receptacle,  wluc 
is  formed  on  the  back  of  the  carapace,  and  is  called  the  "ephi] 
]>ium  "  or  saddle.  After  a  time  the  ephippium  is  cast  ofl^  an 
floats  about  till  spring,  when  its  contained  eggs  are  hatched  b 
the  warmer  temperature  of  the  water. 

Order  II.  Phyllopoda. —  Crustacea,  nwstly  of  smaS  tix 
tht  carapace  prolecting  the  head  and  thorax,  or  tfu  body  entira 
naked.  Feet  numerous,  never  less  than  eiglU  fairs,  mostly Joi 
aceous  or  leafUke,  branchial  in  function.  The  eyes  somttimes  cot 
fluent,  sometimes  distinct  and  sub-pedunculate.  There  are  tw 
homy  mandibles  without  palps,  and  the  first  pair  of  feet  ai 
oar-like,  with  setiform  terminal  appendages.  The  remainin 
feet  are  branchial,  and  ailapted  for  swimming.  The  Phyllt 
pods  undergo  a  metamorphosis  the  youngest  forms  ban 


Fig.  iji.— Hiyllopoda.     Fairy 


ifialMi,  or  Bnmclifiu,  Jitflimt) 


"Nauplii,"      In  Nebalia  (fig.  132,  C),  however,  which  is  di 
only  marine  Phyllopod,  "  Zoea-stages  "  are  superadded  as  well 


The  Phyllopoda  ai 
Trilobiles.     In  the  typical  genera  Limnadia  and  Apus  the  body  it  po- 


chiefly  interesting  from  their  affinity  to  the  ei 


tected  by  a  carapace,  which  is  bivalve  in  the  fomier  and  shield-tike  ii 
latter.  In  Limnadia  the  carapace  covers  the  fireater  part  of  the  body,  wf 
opens  along  the  ventral  tnat^n.  There  are  horn  eij;hteen  to  thirty  piie 
of  membranaceous  and  respiratory  feel.  In  A/^u  the  carapace  ij  cljnm 
form  and  covers  a  portion  of  the  abdomen ;  and  there  are  sinly  pain  of  fat 
of  which  all  but  the  first  pair  are  foliaceous.  Afus  is  ereguioiu,  fro^ 
water  in  hahit,  and  often  found  in  great  numbers  in  pools  and  ditdmii 
Europe.  The  different  species  of  Bratirhifnii  (figs.  131  and  131,  D)  hi" 
the  transparent  body  unprotected  by  any  carapace,  and  are  found  in  pcad 
and  swamps  in  various  parts  of  the  world.  Ine  various  "  Brine-shtnof*' 
{Artemis)  are  found  inhabiting  the  brine-pans  in  salt-works,  oroecnrb 
sali-lahes  in  both  hemispheres,  being  especially  abundant  in  Great  Sil 
Ijike  in  Utah. 

In  Estheria  (lie.  131,  G)  the  body  is  protected  by  a  bivalve,  nib-onl 
carapace,  which  is  eilrcmely  like  the  shell  of  a  Bivalve  Mollusc,  n"  ""' 


fresh  or  brackish  water.     In  Nibatia,  the  only  marine  type  of  dK  prd( 
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ptdncBbUcd. 


rtin-HonilKilon  of  Phyllopoila.    A,  Ltfidnna  Amgmil.  viewed  duruUy:  H. 
CnJaiide  of  bod  of  Lhc  Hme  ;  U  Kttalia  Infii,  one  tide  of  ihe  carapue  lieitig 

P.  V0VI8  itj^ca  of  I  be  tame  ;  G,  A  mHgnilied  tpcCLiaen  t>(  Hilfuriti,  in  iu  living 


Order  III.  Trilobita. — This  order  is  entirely  extinct,  none 
of  its  members  having  survived  the  close  of  the  Palxozoic 
period.  It  is  probable  that  the  Trilobites  should  be  placed 
Mar  the  Fhyllopoda ;  but  their  exact  position  is  uncertain, 
a,  with  one  exception,  no  traces  of  any  appendages  of  any 
bud,  except  the  labrum,  have  hitherto  been  discovered  in  any 
Trilobite. 

The  body  of  a  Trilobite  (fig,  133)  was  covered  witha"cnist," 
<ir  cxoskeleton,  which  shows  more  or  less  markedly  a  division 
into  three  longitudinal  lobes,  from  the  presence  of  which  the 
ume  of  the  order  is  derived.  The  shell  is  composed  of  a 
cephalic  shield,  a  certain  number  of  free  and  movable  thoracic 
iJDgs,  and  a  caudal  shield,  or  "pygidium,"  the  rings  of  which 
are  more  or  less  completely  anchylosed.  On  the  under  surface 
<A  the  body  nothing  has  hitherto  been  certainly  determined, 
eicept  the  "  hypostome,"  or  "  labrum,"  which  was  a  plate  placed 
in  front  of  the  mouth.  No  traces  of  branchiae,  or  of  antenna, 
hare  ever  been  discovered.  The  eyes,  when  present,  are  com- 
pooDd,  and  truly  sessile,  but  are  sometimes  supported  upon 

Dlecting  processes.     It  has  generally  been  supposed  that  the 
y  of  the  Trilobite  occupi^  the  median  lobe  of  the  crust, 
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commencing  with  the  "  glabella  "!n  front,  and  tentiinatiiig  with 
the  "  pygidium  "  behind,  whilst  the  axial  lobes  protected  a  seaa 


of  delicate  respiratory  feet ;  but  this  view  is  doubted  by  man? 
authorities,  and  the  question  is  one  which  we  have  at  present 
no  means  of  deciding.  Quite  recently,  however,  a  spedrntn 
of  a  Trilobite  has  been  discovered  in  which  structures  supposed 
to  be  the  bases  of  the  legs  were  distinctly  recognisable.  Profes- 
sors Dana  and  Verrill,  however,  regard  these  so-called  legsu 
being  "  the  semicalcified  arches  in  the  membrane  of  the  ven- 
tral surface,  to  which  the  foliaceous  appendages  or  legs  wee 
attached."  The  specimen  In  question  was  an  Asaphus;  l»t 
the  great  number  and  excellent  preservation  of  Trilobites,  «s» 
general  rule,  render  it  highly  probable  that  in  most  cases  the 
limbs  were  destitute  of  a  chitinous  exoslceleton,  and  were  there- 
fore incapable  of  being  preserved  in  a  fossil  state.  According 
to  Spence  Bate,  "  the  young  of  the  Trilobites  are  of  the  Nan- 
plius  form." 

The  cephalic  shield  of  a  typical  Trilobile  Is  more  or  less  compktdf 
Siemicircumr  (lie.  133,  l),  and  is  composed  of  a  cenlnil  and  of  two  Idou 

Sieces,  of  which  Ihe  two  latter  may,  or  may  not,  be  united  logcthei  is 
ont  of  (he  former. 

The  median  portion  is  usually  elevated  above  the  remainiler  of  ik 
cephalic  shield,  and  is  called  the  "glabella  ;"  it  protected  the  r^ioo  a 
the  stomach,  and  is  usually  divided  into  from  three  lo  four  lobes  by  Utenl 
grooves.  At  each  side  of  the  glabella,  and  continuous  with  it,  is  a  snuD 
semicircular  area,  called  the  "fixed  cheek."  The  glabella,  with  the  '_'6xed 
cheeks,"  is  separated  from  the  lateral  portions  of  the  cephalic  shidd— 
termed  the  "movable"  or  "free  cheeks" — by  a  peculiar  xatnre  or  line 
of  division,  which  is  known  as  the  "facial  suture,"  and  is  quite  unlciunn 
amonest  recent  Cnistaeea,  except  for  a  fninl  indication  in  the  Limmlta,  ul 
mure  or  less  doubtful  traces  in  certain  other  forms.  The  movable  cbedn 
bear  the  eyes,  which  are  generally  crescentic  or  reniform  in  shape,  *ie 
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arelj  pedancalated  (being  never  supported  upon  movable  foot  •  stalks), 
ud  consist  of  an  a^gr^ation  of  facets  covered  by  a  thin  cornea.  The 
facial  satores  may  ioin  one  another  in  front  of  the  glabella— in  which  case 
the  free  cheeks  will  form  a  single  piece ;  or  they  may  cut  the  anterior  mar- 
gin of  the  shield  separately — in  which  case  the  free  cheeks  will  be  discon- 
tinooos.  The  posterior  angles  of  the  free  cheeks  are  often  produced  into 
kog  spines. 

Behnd  the  cephalic  shield  comes  the  thorax,  composed  of  a  variable 
nmnber  of  segments,  which  are  not  soldered  together,  but  are  capable  of 
free  motion  upon  one  another,  so  as  to  allow  the  aninwil,  in  Bumy  cases,  to 
roil  itself  up  after  the  manner  of  a  wood-louse  or  hedgehog.  The  thorax 
is  usually  strongly  trilobed,  and  each  thorax-ring  shows  the  same  triloba- 
tioo,  being  composed  of  a  central,  more  or  less  strongly  convex,  portion, 
cilledthe  "axis,"  and  of  two  flatter  side-lobes,  called  the  "pleurae.'* 

The  "pygidium,*'  or  "tail,"  is  usually  trilobed  also,  and,  like  the 
tboiax,  consists  of  a  median  axis  and  of  a  marginal  limb,  the  composition 
of  the  whole  out  of  anchylosed  segments  being  shown  by  the  existence  of 
uial  and  pleural  grooves. 

Order  IV.  Merostomata. — The  member^  of  this  order 
are  Crustacea,  often  of  gigantic  size,  in  which  the  mouth  is 
furnished  with  mandibles  and  maxillae,  the  terminations  of 
which  become  walking  or  swimming  feet,  and  organs  of  pre- 
hension. 

This  order  comprises  the  recent  King-crabs,  and  the  extinct 
fUryff)ii  and  Eurypteri, 

Sub-order  i.  Xiphosura. — "  Crustacea  having  t/ie  anterior 
npnents  welded  together  to  form  a  broad  convex  buckler,  upon  the 
^sal  surface  of  which  are  placed  t/te  compound  eyes  and  ocelli  ; 
tke  former  suf^entrcUly,  the  latter  in  t/ie  cetitre  in  front.  The 
««rfft  is  furnished  with  a  small  labrum,  a  rudimentary  metas- 
tma  and  six  pairs  of  appendages.  Posterior  segments  of  the  body 
twe  or  less  free,  and  bearing  upon  their  ventral  surf  cues  a  series 
^  broad  lamellar  appendages;  the  telson,  or  terminal  segmefit, 
fusiform  "  (Henry  Woodward). 

The  xiphosura  include  no  other  recent  forms  than  the 
Umuli  (King-crabs,  or  Horse-shoe  Crabs).  They  are  dis- 
tinguished by  the  possession  of  six  pairs  ofc/ielate  limbs,  placed 
round  the  mouth,  having  their  bases  spinous,  and  officiating  as 
jaws.  The  anterior  portion  of  the  body  is  covered  by  a  broad 
horse-shoe-shaped  buckler  (fig.  134),  the  upper  surface  of 
^ch  bears  a  pair  of  larval  and  a  pair  of  compound  eyes. 
Dn  the  lower  surface  of  the  carapace  is  placed  the  aperture  of 
ht  mouth,  surrounded  by  six  pairs  of  limbs,  the  bases  of 
rhich  are  spinous  and  officiate  as  jaws,  whilst  their  termina- 
ions  are  converted  into  chelae  or  nipping-claws.  The  first 
air  of  appendages  is  placed  in  front  of  the  mouth,  and  has 
een  genially  said  to  represent  the  antennae ;  but  according 
)  Milne-Edwards  they  are  not  supplied  with  nerves  from  the 
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cerebral  ganglia,  and  therefore  cannot  be  of  this  nature.     Be- 
hind the  cephalic  buckler  comes  a  second  shield,  composed 
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of  six  amalgamated  segments,  below  which  are  carried  the  fr 
productive  organs  and  branchije,  the  former  protected  ly  * 
thoracic  plate  or  "  operculum,"  the  latter  bome  by  five  JMUB 
of  lamellar  appendages.  Lastly,  articulated  to  the  poswnof 
margin  of  the  abdominal  shield,  is  a  long  sword-like  spine « 
"telson"  (fig.  134,  /).  The  circulatory  system  of  Litia^  i* 
of  a  very  high  type.  The  venous  blood,  instead  of  being  Offl- 
tained  in  the  mere  interspaces  and  lacunse  between  thetissoCi 
is  to  a  large  extent  confined  within  proper  vessels.  A  renu'*' 
able  peculiarity,  also,  is,  that  the  ventral  nerve-cofd  is  cndosw 
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widuD  the  abdominal  artery,  and  most  of  the  nerves  are  simi- 
Mj  eosheathed  within  the  arteries. 

The  eggs  of  Limulus  are  laid  in  the  sand,  and  are  fenilised 
bjr  the  male.  Just  prior  to  the  time  of  hatching,  six  segments 
an  be  recognised  in  the  cephalothorax ;  the  abdomen  consists 
of  nine  well-marlLed  somites ;  the  bases  of  the  legs  are  hardly 
^uuMe;  and  the  abdominal  spine  is  quite  rudimentary.  In 
this  nage  (fig.  136),  the  larva  closely  resembles  some  of  the 
Tiilobttcs,  such  as  Trintuleus  and 
Aiaphus.  After  hatching,  the  pre- 
vitnsly  -  existing  segmentation  is 
soon  obliterated,  and,  three  or 
Tout  weeks  later,  the  telson  as- 
sumes the  ensiform  shape  charac- 
loisiic  of  the  adult.  According 
to  the  views  of  Van  Beneden, 
tbe  ijevelopment  of  Limulus  so 
closely  resembles  that  of  the  Scor- 
pions, that  the  former  should  pro- 
perly be  removed  from  the  Crus- 
'ffini,and  placed  in  the  ^roiTiiffirila. 

The  King-crabs  are  found  in  fngl'^iij- ™i^!"'X°i>'^'™) 
the  Indian  and  Japanese  Seas, 

00  the  coasts  of  North  America,  and  in  the  Antilles.  They 
Hmedmes  attain  a  large  size,  and  both  the  eggs  and  the  flesh 
Ue  eaten  by  the  Malays, 

Sub-order  2.  Eurvpterida. — "  Crustacea  with  numerous, 
ht,  thoradco  '  abdominal  segmmts,  the  first  and  second  {/)  of 
^toS  bear  one  or  more  broad  lamellar  appendages  upon  their 
vadml  surface,  the  remaining  segments  being  devoid  of  appen- 
^Bpt ;  anterior  rings  united  into  a  carapace,  bearing  a  pair  of 
kroal  eyes  (ocelli)  near  the  centre,  and  a  pair  of  large  marginal 
fr  sub-central  eyes  ;  the  mouth  furtUslied  with  a  broad  post-oral 
flaie,  or  tneiastoma,  and  five  pairs  of  movable  appendages,  the 
ftsterior  of  vhich  form  great  sicimmingfcei ;  the  telson,  or  ter- 
minal segmera,  extremely  variable  inform;  the  integument  char- 
Vttritlieally  sculptured"  fHenry  Woodward). 

The  Euryplerida  are  all  extinct,  and  are  entirely  confined  to 
Ihe  Fahcozoic  period.  Many  of  them  attained  to  a  compara- 
titely  gigantic  size;  Pterygolus  Anglieus  (fig.  135)  being  sup- 
posed to  have  reached  a  length  of  probably  six  feet  In  their 
dnncters  the]r  present  many  larval  features ;  resembling 
the  larvse  of  the  Decapoda  especially  in  the  fact  that  all  the 
free  somites  of  the  abdomen  {except  the  two  anterior  ones) 
*oe  totally  devoid  of  appendages. 


286. 


MANUAL  OF  ZOOLOGY. 


CHAPTER    XXXIV. 


MALACOSTRACA. 

Sub-class  IV.  Malacostraca  (Thoradpoda^  Woodw 
The  Crustacea  of  this  sub-class  are  distinguished  by  tl 
session  of  a  generally  definite  number  of  body-segments 
somites  going  to  make  up  the  thorax,  and  an  equal,  i 
entering  into  the  composition  of  the  abdomen  (countii 
is,  the  telson  as  a  somite).  The  Malacostraca  are  divid 
two  primary  divisions,  termed  respectively  the  £dru 
niata  and  the  Podophthalmata^  according  as  the  eyes  are 
or  are  supported  upon  eye-stalks. 

Division  A.  Edriophthalmata. — This  division  coi 
those  Malacostraca  in  which  the  eyes  are  sessile,  and  tl: 
is  mostly  not  protected  by  a  carapace.  It  comprises  th 
orders,  Lcemodipoda,  Isopoda,  and  Amphipoda,  The  e; 
generally  compound,  but  sometimes  simple,  and  are  pla 
the  sides  of  the  head.  The  head  is  almost  always  < 
from  the  body,  and  the  mandibles  are  often  furnished 
palp.  Typically  there  are  seven  pairs  of  feet  in  the 
hence  this  division  is  called  Tetradecapoda  by  Agass 
certain  Isopods  {Tanais)  alone  is  there  a  carapace. 

Order  I.  L/Emodipoda. — Small  Crustaceans^  with 
mentary  abdomen,  tlie  first  tivo  segments  of  the  thorcuc  t 
mated  with  the  head,  and  carrying  legs,  Branchice  as  tivo 
pairs  of  vesicles,  borne  on  the  thorax.  The  Lcemodipoda  ai 
Crustaceans,  which  are  distinguished  amongst  the  E 
thalmata  by  the  rudimentary  condition  of  the  abdomen 
first  thoracic  segment  is  amalgamated  with  the  head,  a 
limbs  of  this  segment  appear  to  be  inserted  beneath  th 
or,  as  it  were,  beneath  the  throat  (fig.  137) ;  hence  th< 

given  to  the  order 

respiratory  organs 

the  form  of  two  o 

pairs  of  membrane 

icles  attached  to  t 

ments  of  the  thoi 

to  the  bases  of  th 

The  last  pair  of  f 

either  inserted  at  the  end  of  the  last  somite,  or  are  fc 

by  not  more  than  one  or  two  small  segments.    There  a 

setaceous  antennae,  and  the  mandibles  are  without  palps 


Fig.  137. — Laemodipoda.     CaprtUa  fhasma. 
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body  IS  generally  linear,  of  eight  or  nine  joints,  but  is  some- 
times oraL  The  feet  are  hooked  The  Lamodipoda  are  all 
iiuiiiie,and  one  section  of  the  order  comprises  parasitic  Crus- 
taceans, of  which  the  Whale-louse  {Cyamui  Ceti)  is  the  most 
^miliar.  The  entire  order  is  now  generally  regarded  as  being 
merely  a  section  of  the  Ampk^oda. 

Oeder  II.  Amphipoda. — The  members  of  this  order  re- 
semble those  of  the  preceding  in  the  nature  of  ike  rapiraiory 
if^aiu,  which  consist  of  membranous  veskles  attached  to  the 
iiits  of  the  thorack  limbs.  The  first  thoracic  segment,  how 
eciT,  is  distinct  from  the  head,  and  the  abdomen  is  ■weil  developed, 
and  is  composed  of  seven  segments.  There  are  seven  pairs  of 
Ihradc  limis,  directed  partly  forwards  and  partly  backwards, 
the  name  of  the  order  being  derived  from  this  circumstance. 
As  in  the  Zamodipoda,  the  heart  has  the  form  of  a  long  tube 
extending  through  the  six  segments  following  the  head,  and 
laving  the  blood  admitted  to  its  interior  by  three  pairs  of  valv- 
n^  fissures.  The  three  posterior  pairs  of  abdominal  limbs  are 
bent  backwards,  and  form,  with  the  telson,  a  natatory  or  salta- 
tOfial  taiL  The  young  Amphipod  acquires  its  full  number  of 
Kgmcnts  and  limbs  before  its  liberation  from  the  egg ;  and,  as 
1  Idle,  the  young  undei^o  little  or  no  metamorphosis  in  reach- 
H  tnaturity. 

All  the  Amphipoda  are  small,  the  "  Sand-hopper"  (Talitrus 
luauta,  fig.  138)  and  the  "fresh-water  Shrimp"  (Gt 


Tig.  ijt— Amphipodn.    Tin!  Swid-hopper,  TalOna  /omia,  enlarged. 


Mt)  being  two  of  the  commonest  forms.     The  Sand-hoppers 
ttd  Gammari  swim  on  their  side  when  in  the  water,  and  the 
'■toer  leap  with  great  activity  on  land. 
Ounx  IJI,  IsopODA. — In  this  order  the  head  is  always  dis- 
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tinct/rom  the  segment  tearing  fhe  first  pair  of  fed.  The  n 
iory  organs  are  not  thoracic,  as  in  the  two  preceding  C 
btd  are  attached  to  the  inferior  surface  of  the  oMemeit,  an 
sisf  of  bramhia,  which  in  the  terrestrial  species  are  pretet 
plates  which  fold  over  them.  The  thorax  is  composed  ^ 
segments,  bearing  sei'cn  pairs  of  limbs,  which,  in  the  fin 
have  marginal  plates,  attached  to  their  bases,  and  seiv 
protect  the  ova.  The  number  of  segments  in  the  abc 
varies,  but  is  never  more  than  seven.  The  abdomiu 
ments  are  coalescent,  and  form  a  broad  caudal  shield,  Ix 
which  the  branchise  are  earned.  The  eyes  are  two  in  no 
formed  of  a  collection  of  simple  eyes,  or  sometimes  tnil> 
pound.  The  heart  is  sometimes  an  elongated  tube,  with 
paiis  of  fissures  (as  in  the  Amphipoda),  sometimes  sh' 
spherical,  removed  towards  the  abdomen,  and  with  m( 
fewer  fissures  than  the  above.  The  young  Isopod  is  devt 
within  a  larval  membrane,  destitute  of  appendages,  t 
time  this  membrane  bursts,  and  liberates  the  young, 
resembles  the  adult  in  most  respects,  but  possesses  or 
instead  of  seven  pairs  of  limbs.  Of  the  members  of  this 
many  are  aquatic  in  their  habits,  and  are  oflen  parasiti 
others  are  terrestrial 

By  Milne- Ed wanls  the  Isopoda  are  divided  into  three  seclions. 
respeclivelj,  from  theii  habits,  (he  Nalalerial,  Sedentary,  and  O 
Isopods.  InihtNalaiai 
fa/a  the  extremiiji  of  thi 
men  and  the  last  pair  o< 
minal  l^s  are  expandei 
to  form  a  swimming-tail. 
of  this  section  are  pataul 
various  fishes  (O™"'^'") 
others  are  found  in  I 
{SpiaretHa).  In  (he  Se 
hopoda  the  animals  are  a 
siuc,  with  short,  incurved 
e<l  feet.  This  section  i 
the  single  family  of  the 
da,  all  the  species  of  wh 
parasitica]  ly  either  in  ll 
Cham  bets,  or  attached 
ventral  surface,  of  certau 
Decapod  Crustacea,  sud 
Shrimps,  (CraugBna)  » 
Pahemonei. 
The  Curiorial,  or  r 
Itopods  mostly  live  upon  the  land,  and  are  therefore  destitute  ol 
ming-feet.  The  most  familiar  examples  of  this  section  are  the  c 
Wood-lice  (OniKusS.  Here,  also,  Wongs  the  tittle  ZjMrurM  Ar 
so  well  known  for  the  destruction  which  it  produces  by  borine  i 
wood-irark  of  piers  and  other  ttructures  placed  in  the  lea.     Otb 
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known  Isopods  are  the  Water-slaters  {Asellus)  of  fresh  waters,  the  Rock- 
slaters  {Ugia)  of  almost  all  coasts,  the  l>ox-slaters  (Idot/ua),  the  Shield- 
slaters  (CassiUina)f  and  the  Cheliferous  Slaters  {Tanat's).  These  last 
are  remarkable  as  being  the  only  Isopods  in  which  there  is  a  c«irapacc. 
The  lateral  parts  of  the  carapace  are  highly  vascular,  and  respiration  is 
tSected  by  these,  and  not  by  the  abdominal  feet. 

Many  Isopods  undergo  an  extensive  metamorphosis.  '*  In  some  Fish- 
lice  {C/mafAaa)  the  young  are  lively  swimmers,  and  the  adults  are  stiff, 
heavy,  stupid  fellows,  whose  short  clinging  feet  are  capable  of  little 
movemcnL  In  the  BopyriddB  the  adult  females  are  usually  blind,  the 
antennae  are  rudimentary,  and  the  abdominal  appendages  from  natatory 
become  respiratory  organs.  The  males,  on  the  other  hand,  are  dwarfed, 
1  and  sometimes  lose  all  the  abdominal  appendages  and  all  traces  of 
,  segmentation ;  until  we  get  forms  which,  like  Cryptoniscus  planarioidts, 
"would  be  regarded  as  a  Flat- worm  rather  than  an  Isopod,  if  its  eggs  and 
foongdid  not  betray  its  Crustacean  nature  "  (Fritz  M tiller). 


Division  B,  Podophthalmata. — The  members  of  this  divi- 
sion have  compound  eyes  supported  upon  movable  stalks  or 
peduncles,  and  the  body  is  always  protected  by  a  cephalo- 
thoracic  carapace.  Most  of  the  Fodophthalma  pass  through 
Zoca-stages  in  their  development.  It  comprises  the  two  orders 
Stmafoda  and  Decapoda^  of  which  the  latter  includes  all  the 
highest  and  most  familiar  examples  of  the  class  Crustacea, 

Order  I.  Stomapoda. — In  this  order  there  are  generally 
Jrom  six  to  eight  pairs  of  legs ^  and  the  branchice^  whcji  present^  are 
wt  enclosed  in  a  cavity  beneath  the  thorax^  but  are  cither  s us paidcd 
hcmaih  the  abdomen^  or,  more  rarely ,  are  attached  to  the  thoracic 
l^s.  The  shell,  also,  is  thin,  and  often  membranous.  From 
all  the  preceding  orders  the  Stomapoda  are,  of  course,  distin- 
guished by  the  possession  of  pedunculate  eyes.  The  devel- 
opment of  the  Stomapoda  would  appear  to  be  by  means  of 
**Zoe2e.» 

All  the  Stomapoda  are  marine,  with  the  single  exception 
of  the  Mysis  relicta  of  the  great  lakes  of  Sweden  and  North 
America;  and  the  Locust  Shrimp  (Squilla  mantis)  may  be 
token  as  a  good  example  of  the  order.  In  this  Crustacean 
(fig.  140)  the  carapace  is  small,  and  does  not  cover  the 
posterior  half  of  the  thorax.  Several  of  the  anterior  appen- 
<iages  are  developed  into  powerfully  prehensile  and  hooked 
feel  The  branchiae  are  attached  to  the  first  five  pairs  of 
sbdominal  feet  The  three  posterior  thoracic  and  the  ab- 
^inal  appendages  are  in  the  form  of  "  swimmerets,"  and 
the  tail  is  expanded  into  a  powerful  fin.  Besides  the  Locust 
Shrimps,  the  order  includes  the  Glass  Shrimps  (Erichthys)  and 
their  allies,  and  the  Opossum  Shrimps  {Mysis). 

Order  II.  Decapoda. — The  members  of  this  order  are  the 

D»st  highly  organised  of  all  the  Crustacea,  as  well  as  being 
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those  which  are  most  familiarly  known,  the  Lobsters,  Cnb 
Shrimps,  &c,  being  comprised  under  this  head.  For  die  mw 
part  they  are  aquatic  in  ihci 
habits,  and  they  are  usually  pn 
tected  by  strong  resisting  sheUt 
There  is  always  a  complicate 
set  of  "gnathites,"  or  appei 
dages  modified  for  mastica' 
ory  purposes,  surrounding  th 
mouth.  7S^  ambulatory  fa 
are  made  up  of  faiepain  efitg 
(hence  the  name  of  the  order) 
the  first  pair —and  qflm  im 
ether  pairs  behind  this — bm, 
"chelate"  or  having  their atn 
mities  developed  into  nipfii^ 
claws.  Thebranckia  arepjrt 
midal,  and  are  contained  ta  Af 
ities  at  the  side  of  the  thorax 
The  carapace  is  large,  m'oi'i 
the  head  and  thorax,  and  tk 
anterior  part  of  tlu  abdom^ 
The  heart  of  the  Decapods  ii 
in  the  form  of  a  more  or  les 
quadrate  sac,  furnished  "it^ 
Fig  H=-i-,«,v/«  ™-/«.  the  l™h  t*"^''  P^'^  of  valvular  openings 
airimp.  As  regards  the  development  o 

the  Decapods  enonnous  diSo 
ences  obtain,  even  amongst  forms  very  closely  allied  to  om 
another. 

The  Decapoda  are  divided  into  three  tribes,  termed  respec 
tively  the  Macnira,  Anomura,  and  Brachyura,  and  charac 
tensed  by  the  nature  of  the  abdomen. 

Tribe  A.  Mackura. — The  "  long-tailed  "  Decapods  indudw 
in  this  tribe  are  distinguished  by  the  possession  of  a  well 
developed  abdomen,  often  longer  than  the  cephalothorai,  tin 
posterior  extremity  of  which  forms  a  powerful  natatory  oigai 
or  caudal  fin.  .^s  regards  the  development  of  the  Macntn 
most  appear  at  first  in  the  form  of  "  Zoese ; "  *  but  there  i 

*  Tlie  young  Deca|H)d,  in  most  cases,  leaves  the  egg  in  a  larval  fonB  i 
ililTcren!  to  tlie  adult  ihal  it  was  originally  describeil  a.%  a  distinct  inini 
under  the  name  of  Zata.  In  this  stage  (fig.  143)  the  tliorscic  sceimi 
with  the  five  paii^  of  legs  proper  to  Ihe  adult  are  either  wanting  art 
quite  rudimentary.  The  abdomen  and  tail  are  without  append^e%  ii 
the  latter  is  composed  of  a  single  piece.  The  Toot-jaws  are  in  ue  fa 
of  natatory  forked  feet,  and  the  muidible  has  no  palp.     Lastly,  thm  • 
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DKtsmorphosis  in  the  common  Lobster,  and  there  is  said 
iDoae  in  the  Cray-fish  {Astaatt  flitviatilis).    Fritz  Miiller, 


^  pouitcd  cjnnmilici ;  a  AnieriTiultt ;  ga  Qntx  uitcnnK ;  ca  Oinpacc 

,  has  shown  that  the  primitive  fonn  of  one  of  the  Shrimps 
iDchix,  KuA  respiration  is  carried  on  Yty  the  laler^t  parts  of  the  nra- 
The  "Zo«a"  u  separated  from  the  "Naiiplius"  by  havini;  a  M£- 
I  body.  '"'B*  paired  eyes  (sometimes  with  ■  median  eve),  and  a 
X,  The  form  proper  to  the  adutt  is  not  Httained  until  alter  several 
conMitntiDg  %■  geouine  metamorphosis,  though  one  which  is  cfTecied 
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{Pcnaus)  is  that  of  a  "  Nauplius."  This  section  comprises  tf 
Lobster,  Cray-fish,  Shrimp,  Prawn,  &c.,  of  which  the  Lobst 
may  be  taken  as  the  type. 

In  the  Lobster  (figs.  122,  123,  and  141)  the  somites  of  tl 
head  and  thorax  are  amalgamated  into  a  single  mass,  tl 
**  cephalothorax,"  covered  by  a  carapace  or  shield,  which 
developed  from  **  the  lateral  or  epimeral  elements  of  the  four 
cephalic  ring,  which  meet  along  the  back,  and  give  way  pi 
paratory  to  the  moult  The  tergal  elements  of  the  thorac 
rings  are  not  developed  in  either  Crabs  or  Lobsters;  wb( 
these  rings  are  exposed  by  lifting  up  the  cephalothoracic  shid 
the  epimeral  parts  alone  are  seen,  converging  obliquely  towan 
one  another,  but  not  joined  at  their  apices"  (Owen). 

The  first  segment  of  the  head  bears  the  compound  cy« 
which  are  supported  upon  long  and  movable  eye  -  stalks  < 
peduncles.  Behind  these  come  two  pairs  of  jointed  tacti 
organs,  the  larger  called  the  "  great  antennae,"  the  smaller  ti 
"  antennules."  The  mouth  is  situated  on  the  under  surface  • 
the  front  of  the  head,  and  is  provided  from  before  backwan 
with  an  upper  lip  ("  labrum ' ),  two  "  mandibles,"  two  pairs 
*'  maxillae,"  three  pairs  of  "  maxillipedes  "  or  "  foot-jaws,"  ai 
a  bifid  lower  lip,  or  "  metastoma."  The  five  remaining  se 
ments  of  the  thorax  carry  the  five  pairs  of  ambulatory  legs,  • 
which  the  first  constitute  the  great  claws,  or  "  chelae ; "  tl 
next  two  pairs  are  also  chelate,  though  much  smaller ;  and  tl 
last  two  pairs  are  terminated  by  simply  pointed  extremiti< 
The  segments  of  the  abdomen  carry  each  a  pair  of  natato 
limbs,  or  **  swimmerets,"  the  last  pair  being  greatly  expande 
and  constituting,  with  the  "  telson,"  a  powerful  caudal  fi 
Most  posteriorly  of  all  is  the  post  -  anal  plate,  or  **  telsoi 
which  may  be  looked  upon  either  as  an  azygous  appendaj 
or  as  a  terminal  segment  which  has  no  lateral  appendages. 

The  mouth  leads  by  a  short  oesophagus  into  a  globo 
stomach,  in  the  cardiac  portion  of  which  is  a  calcareous  api 
ratus,  for  triturating  the  food,  which  is  commonly  called  t 
**  lady  in  the  lobster."  The  intestine  is  continued  backwai 
from  the  stomach  without  convolutions,  and  the  anal  apcrtu 
is  situated  just  in  front  of  the  telson.  There  is  also  a  w< 
developed  liver,  consisting  of  two  lobes  which  open  by  sepan 
ducts  into  the  intestine. 

The  heart  is  situated  dorsally,  and  consists  of  a  single  po 
gonal  contractile  sac,  which  opens  by  valvular  apertures  ii 
a  surrounding  venous  sinus,  inappropriately  called  the  "p 
cardium."  The  heart  is  filled  with  oxygenated  blood  derii 
from  the  gills,  and  propels  the  aerated  blood  through  cir 
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part  of  the  body.  The  gills  (fig.  1 23,  3,  g)  are  p>Tamidal  bodies 
attached  to  the  bases  of  the  legs,  and  protected  by  the  sides  of 
the  carapace.  They  consist  each  of  a  central  stem  supporting 
numerous  laminae,  and  they  are  richly  supplied  with  blood, 
but  are  not  ciliated.  The  water  which  occupies  the  gill-cham- 
bers is  renovated  partly  by  the  movements  of  the  legs,  and 
partly  by  the  expanded  epipodite  of  the  second  pair  of 
maxillae,  which  constantly  spoons  out  the  water  from  the  front 
of  the  branchial  chamber,  and  thus  causes  an  entry  of  fresh 
water  by  the  posterior  aperture  of  the  cavity. 

The  nervous  system  is  of  the  normal  "  homogangliate  "  type, 
consisting  of  a  longitudinal  series  of  ganglia  of  different  sizes, 
united  by  commissural  cords,  and  placed  along  the  ventral 
surface  of  the  body.  The  organs  of  sense  consist  of  the  two 
compound  eyes,  the  two  pairs  of  antennae,  and  two  auditory 
sacs. 

The  sexes  are  invariably  distinct,  and  the  generative  pro- 
ducts are  conveyed  to  the  exterior  by  efferent  ducts,  which 
open  at  the  base  of  one  of  the  pairs  of  thoracic  legs.  The 
ovum  is  **  meroblastic,"  a  portion  only  of  the  vitellus  under- 
going segmentation.  The  neural  side  of  the  body — that  is  to 
say,  the  ventral  surface — appears  on  the  surface  of  the  ovum, 
so  that  the  embryo  is  built  up  from  below,  and  the  umbilicus 
is  situated  posteriorly. 

Tribe  B.  Anomura. — The  Decapods  which  belong  to  this 
tribe  are  distinguished  by  the  condition  of  the  abdomen,  which 
is  neither  so  well  developed  as  in  the  Macrura^  nor  so  rudi- 
mentary as  in  Crabs.  Further,  the  abdomen  does  not  ter- 
minate posteriorly  in  a  caudal  fin,  as  in  the  Lobster.  The 
development  in  the  Anomura  appears  invariably  to  take  place 
tiirough  Zoea-forms. 

The  entire  group  of  the  Anomura  must  be  regarded  as  an 
artificial  assemblage,  composed  of  modified  forms  of  both  the 
Macrura  and  the  Brachyura. 

The  most  familiar  of  the  Anomura  are  the  Hermit-crabs 
\,Pagurida^,  In  the  common  Hermit-crab  {Pagurus  Bcrnhar- 
iui)  the  abdomen  is  quite  soft,  and  is  merely  enclosed  in  a 
:  membrane,  so  that  the  animal  is  compelled  to  protect  itself  by 
[  )Kiopting  the  empty  shell  of  some  Mollusc,  such  as  the  common 
;  Whelk,  which  it  changes  at  will  when  too  small.  The  Hermit 
►  is  provided  with  a  terminal  caudal  sucker,  and  with  two  or 
three  pairs  of  rudimentary  feet  developed  upon  the  abdomen, 
ly  means  of  which  he  retains  his  position  within  his  borrowed 
mrelling.  The  abdominal  appendages,  however,  are  mostly 
nsymmetricaL     The  carapace  is  not  strong,  but  the  claws 
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nre  well  developed,  one  being  always  larger  than  the  oth 
Other  forms  of  the  Anomura  are  the  Sponge-crabs  {Drami 
the  Crab-lobsters  {Por^lanee),  and  the  Tree-crabs  {Birgtu). 
Tribe  C.  Brachyura. — The  "  short-tailed  "  Decapods, 
Crabs,  are  distinguished  from  the  two  preceding  tribes  bj  t 
rudimentary  condition  of  the  abdomen,  which  is  very  sho 
and  is  tucked  up  beneath  the  cephalothorax,  the  latter  bev 
disproportionately  large.  The  extremity  of  the  abdomen 
not  provided  with  any  appendage,  and  it  is  merely  employi 
by  the  female  to  carry  the  ova.     The  Crabs  (fig.   141)  a 


mostly  furnished  with  ambulatory  limbs,  and  are  rarely  fotnn 
for  swimming,  most  of  them  being  littoral  in  their  habits,  ai 
some  even  living  inland. 

In  all  the  essential  points  of  their  anatomy  the  Crabs  do  11 
differ  from  the  Lobster  and  the  other  j1/dfrwra,-  but  they  a 
decidedly  higher  in  their  organisation.  This  is  especially  se 
in  the  disposition  of  the  nervous  system,  the  ventral  gang 
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in  the  Crab  being  concentrated  into  a  single  large  ganglion, 
I'rora  which  nervous  filaments  are  sent  to  all  parts  of  the  body. 
In  the  Land-crabs  (Gecardnus)  re- 
spiration is  by  branchiae,  but  there  is 
almost  always  an  aperture  behind  the 
carapace  for  the  admission  of  air. 
They  are  distributed  over  the  warm 
countries  of  the  Old  and  New  Worlds, 
as  well  as  Australia.  They  are  essen- 
tially terrestrial  in  their  habits,  and 
migrate  in  large  bodies  to  the  sea,  in 
order  to  lay  their  eggs.  Besides  the 
true  Gtcarcini^  members  of  other  very 
different  families  live  more  or  less 
constantly  on  dry  land,  and  have  air 
admitted  directly  into  the  branchial 
chamber.  Amongst  these  are  the  Cal- 
ling-crabs {Gdasimus)  and  the  Sand- 
crabs  ((kypada). 

Reproduction  in  the  Crabs  is  the  same  as  in  the  Macrura^ 
but  the  larva  is  exceedingly  unlike  the  adult,  and  approximates 
closely  to  the  type  of  the  Macrura,  another  proof  that  the 
Brachyura  stand  higher  in  the  Crustacean  scale.  The  larval 
Crab  was  originally  described  as  a  distinct  animal,  under  the 
name  of  Zmi  (fig.  143),  presenting  in  this  condition  a  long  and 
well-developed  abdomen.  It  is  only  after  several  successive 
moults  that  the  young  Crab  assumes  its  characteristic  Brachyur- 
oos  form,  and  acquires  by  gradual  changes  the  features  which 
distinguish  the  adult  The  Zoea  of  the  Crabs  are  usually  dis- 
tinguished by  the  possession  of  long  spines  developed  from 
the  carapace.  When  first  liberated  from  the  egg,  the  Zoea  is 
enveloped  in  a  larval  skin  or  membrane,  which  is  shed  in  a 
few  hours. 


Fig.  X43  — Larva  {Zoea)  of  Crab 
\Pirimela  dfHticulata\  magni- 
fied.   (After  Kinahan.) 


CHAPTER  XXXV. 

DISTRIBUTION  OF  THE  CRUSTACEA, 

Distribution  of  Crustacea  in  Space. — The  Crustacea  are 
distributed  over  the  whole  globe,  some  forms  being  terrestrial 
in  their  habits,  but  the  majority  inhabiting  the  sea  or  fresh 
water.  As  a  rule,  the  development  of  the  Crustacean  fauna  is 
io  proportion  to  the  temperature,  the  higher  and  larger  forms 
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being  most  abundant  in  warm  regions.  The  groups  of  the 
Cirripediay  Rhizocephala^  Xiphosura^  and  Lamodipaday  are  only 
found  in  salt  water.  On  the  other  hand,  the  JchthyqphihirOy 
Ostracoda,  Copepoda^  Phyllopoda^  Eurypterida  (?),  Amphipoda, 
Stomapoday  Isopoday  and  DecapodOy  are  found  both  in  fresh  and 
in  salt  water.  Of  these,  however,  the  Phyllopods  are  princi- 
pally fresh-water  forms,  and  the  Stomapods  and  Decapods  are 
essentially  inhabitants  of  the  sea ;  whilst  the  Eurypterids  are 
certainly  mainly  a  salt-water  group,  though  some  forms  may 
perhaps  have  lived  in  fresh  water  as  well.  The  Iscpoda  and 
Decapoda  also  include  terrestrial  forms. 

Distribution  of  Crustacea  in  Time. — As  regards  the 
general  distribution  of  the  Crustacea  in  time,  remains  of  the 
class  are  comparatively  abundant  in  all  formations  except  the 
very  oldest ;  as  might  have  been  expected  from  the  generally 
chitinous  or  sub-calcareous  nature  of  their  integuments  and 
their  aquatic  habits.  Owing  also  to  their  habit  of  periodically 
casting  their  shell,  a  single  individual  may  leave  repeated 
traces  of  himself,  and  the  number  of  fossils  may  considerab^ 
exceed  that  of  the  individuals  which  actually  underwent  fossili- 
sation.  The  Crustaceans  appear  to  have  commenced  thcii 
existence  in  the  Cambrian  period,  remains  of  members  of  this 
class  being  tolerably  abundant  in  the  higher  portion  of  this 
formation.  The  Palaeozoic  formations,  taken  as  a  whole,  are 
characterised  by  the  predominance  of  the  orders  Trikhita^ 
Eurypterida^  Ostracoda^  and  Phyllopoday  of  which  the  two  fonnei 
are  exclusively  confined  to  this  period.  All  the  other  orders ol 
Crustacea  which  have  left  any  traces  of  their  past  existence  al 
all,  appear  to  have  come  into  existence  before  the  close  ol 
the  Palaeozoic  period.  Upon  the  whole,  however,  there  has 
been  a  marked  progression  in  proceeding  from  the  oldei 
formations  to  the  present  day.  The  Trilobites  and  Eurypteridi 
of  the  older  Palaeozoic  Rocks,  though  highly  organised  so  fai 
as  their  type  is  concerned,  are  in  many  respects  inferior  to  latci 
forms,  whilst  they  present  some  striking  points  of  resemblance 
to  the  larval  forms  of  the  higher  groups.  The  great  group  0 
the  Stalk-eyed  Crustaceans — undoubtedly  the  highest  of  th< 
entire  class — is  not  represented  at  all  till  we  reach  the  Car 
boniferous  Rocks ;  and  it  is  not  till  we  come  into  the  Second 
ary  period  that  we  find  any  great  development  of  this  group 
whilst  its  abundance  increases  to  a  marked  extent  in  th< 
Tertiary  period,  and  it  attains  its  maximum  at  the  present  daj 
Similarly,  of  the  two  orders  of  the  Merostomatdy  the  Euryptend 
are  confined  to  the  earlier  portion  of  the  Palaeozoic  perioc 
whilst  the  more  highly  organised  and  less  larval  King-crat 
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(Xiphosura)  hardly  made  their  appearance  till  the  Eiir>'pterids 
had  disappeared,  at  the  close  of  the  Carboniferous  period. 

1.  Cirripedia. — The  Cirripedes  are  hardly  known  as  Palaeozoic  fossils, 
baiYalTes  of  a  singular  member  of  this  order  ( lurriUpas)  have  been  found 
in  the  Silurian  Rocks.  With  this  exception,  the  Cirripedes  are  entirely 
confined  in  past  time  to  the  Secondary  and  Tertiary  e]>ochs.  The  Bala- 
mdazie  the  most  common,  commencing,  with  the  doubtful  exception  of  a 
Liassic  form,  in  the  Chalk,  and  attaining  their  maximum  in  recent  seas. 
Tlic  VerrucitUe  commence  in  the  Chalk,  and  the  Lcpadidie^  with  one  ex- 
ception, b^n  in  the  Jurassic  Rocks,  and  attain  their  maximum  of  devel- 
opment in  the  Cretaceous  epoch.  The  Upper  Silurian  genus  TurriUpcLs^ 
above  mentioned,  is  also  referable  to  the  Lepadoids. 

2.  Ostracoda.  —  ^ToaW  Ostracode  Crustacea  are  extremely  abundant  as 
fossils  in  many  formations,  and  extend  from  the  Cambrian  period  up  to 
the  present  day. 

3.  Phyllcpoda,  —  Remains  of  Crustaceans  supposed  to  belong  to  this 
order  are  found  in  the  Palaeozoic  Rocks.  Hymetiocaris  is  found  in  the 
Upper  Cambrian,  Caryocaris  in  the  I^wer  Silurian,  Ccratiocaris  in  the 
Vppcr  Silurian,  and  Dithyrocaris  in  the  Carboniferous  Limestone.  All 
these  fonns,  with  other  similar  ones,  are  believed  to  be  most  closely  allied 
to  the  recent  Apus  and  Nebalia.  The  genus  Estheria^  represented  by 
wany  forms  from  the  Devonian  period  to  the  present  day,  is  also  to  be 
referred  here. 

4.  TrUobitcL — ^The  Trilobites  are  exclusively  Palccozoic  fossils.  In  the 
Vpper  Cambrian  rocks — the  so-called  **  primordial  zone  " — there  occurs  a 
ttigiikr  group  of  Trilobites — the  so-called  primordial  Trilobites — dis- 
tingnished  by  the  possession  of  many  larval  characters.  In  the  Lower  and 
Urw  Silurian  Rocks  the  Trilobites  attain  their  maximum  of  develop- 
Bcnt  They  are  still  well  represented  in  the  Devonian  Rocks  ;  but  they 
die  out  completely  before  the  close  of  the  Carboniferous  epoch,  being  re- 
ptwentcd  in  the  Mountain  Limestone  by  three  genera  only  {Phillipsia^ 
Brachymetopus^  and  Griffithides). 

5.  Eurypterida. — These,  like  the  last,  are  entirely  Palaeozoic,  attaining 
tbnr  maximum  in  the  Upper  Silurian  and  Devonian  formations,  and  dying 
wt  in  the  Carboniferous  Rocks.  Pterygotus^  EurypteruSy  and  Slimonia  arc 
the  most  characteristic  genera. 

6.  Xiphosura — The  genus  Limulus  commenced,  as  far  as  is  yet  known, 
in  the  Permian  period,  and  has  survived  up  to  the  present  day.  Its  first 
ippeuance,  therefore,  was  just  at  the  close  of  the  Palaeozoic  epoch.  Of 
the  remaining  genera,  which  constitute  with  Limulus  this  sub-order, 
BtSnunu,  EuprobpSy  and  Prcshvichia  are  Palaeozoic,  and  are  not  known 
to  occur  out  of  the  Carboniferous  Rocks.  The  genus  Neolimulus  is 
Upper  Silurian. 

7.  Amphipoda — The  oldest  known  Amphipod  is  the  Necrogammarus  of 
tlie  Upper  Silorian. 

8.  Isf^boda. — ^The  earliest  known  Isopod  is  the  Pmarcturus  of  the  De- 
Tonian  Rocks. 

9.  Stomapoda. — This  order  is  represented  in  the  Carboniferous  Rocks 
liytbegeiias  Gampsanyx. 

la  Dtcapoda. — The  Macrurous  Decapods  commence  their  existence  in 
the  Carboniferous  period,  with  a  few  Prawn-like  forms.  The  Decapoda 
M«i  however,  well  represented,  in  all  their  three  tribes,  in  the  Secondary 
flid  Tertiary  epochs,  attaining  their  maximum  at  the  present  day.  The 
London  Clay  (Eocene)  is  especially  rich  in  the  remains  of  Macrura  and 
Br§tkywr^t 
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CHAPTER     XXXVI. 

ARACHNID  A. 

Class  II.  Arachnida. — The  Arachnida — including  the  Sp 
ders,  Scorpions,  Mites,  &c — possess  almost  all  the  essentia 
characters  of  the  Crustacea^  to  which  they  are  very  closeJ 
allied.  Thus,  the  body  is  divided  into  a  variable  number  c 
somites,  some  of  which  are  always  provided  with  articulatet 
appendages.  A  pair  of  ganglia  is  primitively  developed  ir 
each  somite,  and  the  neural  system  is  placed  ventrally.  The 
heart,  when  present,  is  always  situated  on  the  opposite  side  oi 
the  alimentary  canal  to  the  chain  of  ganglia.  The  respiratory 
organs,  however,  whenever  these  are  differentiated,  are  never 
in  the  form  of  branchiae  as  in  the  Crustacea^  but  are  in  the 
form  either  of  pulmonary  vesicles  or  sacs,  or  of  ramified  tubes, 
formed  by  an  involution  of  the  integument,  and  fitted  for 
breathing  air  directly.  Further,  there  are  never  "  more  than 
four  pairs  of  locomotive  limbs,  and  the  somites  of  the  abdomen, 
even  when  these  are  well  developed,  are  never  provided  with 
limbs;"  the  reverse  being  the  case  amongst  the  Cnisiacteu 
Lastly,  "  in  the  higher  Arachnida^  as  in  the  higher  Crustacea^ 
the  body  is  composed  of  twenty  somites,  six  of  which  are 
allotted  to  the  head ;  but  in  the  former  class,  one  of  the  two 
normal  pairs  of  antennae  is  never  developed,  and  the  eyes  are 
always  sessile ;  while,  in  the  higher  Crustacea^  the  eyes  are 
mounted  upon  movable  peduncles,  and  both  pairs  of  antenwe 
are  developed*'  (Huxley). 

The  head  of  the  Arachnida  is  always  amalgamated  with  the 
thorax,  to  form  a  "  cephalothorax ; "  the  integument  is  usually 
chitinous,  and  the  locomotive  limbs  are  mostly  similar  in  foiffl 
to  those  of  insects,  and  are  usually  terminated  by  two  hooks. 

In  many  of  the  Arachnida  the  integument  remains  soft  over 
the  entire  body ;  in  others,  as  in  the  majority  of  Spiders,  the 
abdomen  remains  soft  and  flexible,  whilst  the  cephalothorax  is 
more  or  less  hard  and  chitinous  ;  in  the  Scorpions,  again,  the 
integument  over  the  whole  body  forms  a  strong  chitinous  shdL 
The  cephalothorax  may  be  segmented  {Soipugida) ;  and  the 
abdomen  may  or  may  not  be  segmented.  Though  four  pairs 
of  legs  are  present,  the  first  is  certainly  homologous  with  the 
labial  palpi  of  the  Insecta, 

The  typical  somite  of  the  Arcuhnida  is  constituted  upon 
exactly  the  same  plan  as  that  of  the   Crustacea^  consistinf 
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essentially  of  a  dorsal  and  ventral  arc ;  the  former  composed 
of  a  central  piece,  or  "tergum,"  and  of  two  lateral  pieces,  or 


^K-  Hf — A,  The  male  of  the  common  House- Sinder  {Tegmaria  civilis),  considerably 
Bagiit6ed :  c  Front  portion  of  the  body,  consisting  of  the  amalgamated  head  and 
wnx ;  /  Maxillary  palpi ;  a  Abdomen.  B,  Front  portion  of  the  head  of  the  same, 
alKrwing  the  eight  eyes  (^ ),  and  the  mandibles  (m).  C,  Under  side  of  the  head  and 
trunk,  showing  the  true  jaws  (m),  the  lower  lip  (/),  and  the  homy  plate  to  which  the 
I4S  are  attached.  D,  Diag^m  of  one  of  tne  air-chambers  ur  breathing-organs. 
(r«s  A,  B,  and  C  are  after  Blackwall.) 

"cpimera;"  whilst  the  latter  is  made  up  of  a  median  "ster- 
Qnm"  and  of  two  lateral  "  episterna." 

As  regards  the  composition  of  the  cephalothorax  of  Spiders, 
**thc  tergal  elements  of  the  coalesced  segments  are  wanting, 
*Dd  the  back  of  the  thorax  is  protected  by  the  elongation,  con- 
vergence, and  central  confluence  of  the  epimeral  pieces ;  the 
sternal  elements  have  coalesced  into  the  broad  plate  in  the 
centre  of  the  origins  of  the  ambulatory  legs,  from  which  it  is 
separated  by  the  epistemal  elements.  .  .  .  The  non-develop- 
^cnt  of  the  tergal  elements  explains  the  absence  of  wings " 
(Owen). 

The  mouth  is  situated,  in  all  the  Arachnida^  in  the  anterior 
legment  of  the  body,  and  is  suirounded  by  suctorial  or  masti- 
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catory  appendages.  In  the  higher  Aradmida,  flie  mouth  is 
provided  from  before  backwards  with  the  following  appendages 
(figs.  144,  14s):  I-  A  pair  of  "falces,"  or  " mandibles,"  used 
for  prehension ;  2.  A  pair  of  "  maxilise,"  each  of  which  is  pn>- 
vided  with  a  long  jointed  appendage,  the  "maxillary  palp;" 
3.  A  lower  lip,  or  "labium."  In  the  Scorpion,  an  upper  lip, 
or  "  labrum,"  is  also  present* 

In  the  Spiders  (fig.  145,  4)  each  falx  or  mandible  terminates 
in  a  sharp  movable  hook,  which  possesses  an  aperture  at  its 
extremity  communicating  by  a  canal  with  a  gland,  which  ii 
placed  in  the  preceding  joint  of  the  mandible,  and  secretesa 
poisonous  fluid.  The  maxillary  palps  in  the  Spiders  are  long, 
jointed  appendages,  terminated  in  the  females  by  pointed  claws, 


ri(.  14;.— Moipholoey  of  Arachnids,     i.  Organs  { 

one  uds :  m  MandiUei  (anUnna:)  convened  into  

/  MuiltaiT  palpi  greatly  developed,  atid  forming  ttm 
Scorpion.  J.  One  of  the  abdomuiaJ  legmenti  of  the  S 
matOf^DT  apertum  of  the  pulmonary  sac-  t„_. 

Spider  (male),  viewed  from  below  ^  i  Kpinr 

bbium;  /The  maxillary  pal|H 

but  frequently  swollen,  and  carrying  a  special  sexual  appantiB 

in  the  males. 

In  the  Scorpions  (fig.  145,  i)  the  mandibles  are  short ai»^ 


the  InsHia  are  concerned.  Thus  the  so.called  "  mandibles  "are  lealljlbt 
antnttia;  the  "  mandibles  "  themselves  are  absent,  but  the  "chclje""* 
Scorpions  may  realty  teprescnl  the  "  viandihilar  palpi ;"  whilst  theW 
pair  of  fr^  really  corresponds  with  the  " /aAa/ jIa///,  "  and  the  second  [ait 
of  legs  maj  possibly  be  b  modiGoIion  of  a  second  pair  of  polpc 
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Strong  pincers,  or  "chelicerae."  The  maxillary 
>  greatly  developed,  and  constitute  powerful  grasp- 
' "  chelae."  In  the  genus  Galcodes^  the  mandibles, 
the  Scorpion,  constitute  "  chelicerae,"  though  com- 
och  larger  and  longer ;  but  the  maxillary  palps  are 
!d  into  "  chelae." 

rd  to  antennas,  these  organs,  as  such^  do  not  exist 
mida.     It  is  generally  believed,  however,  that  the 

the  Arachnida  are  truly  homologues,  not  of  the 
jear  the  same  name  in  the  other  Arthropoda^  but  of 
'  and  the  name  of  "  fakes  "  is  thus  best  applied  to 
antennas,  therefore,  of  the  Spiders  are  converted 
ile  and  offensive  weapons ;  whilst  in  the  Scorpions, 
Qg-crabs,  they  are  developed  into  nipping-claws,  or 

irer  Arachnida^  the  organs  of  the  mouth,  though 

le  same  as  in  the  higher  forms,  are  often  enveloped 

formed  by  the  labium  and  maxillae,  whilst  the 

^  often  joined  together  so  as  to  constitute  a  species 

th  conducts  by  an  oesophagus,  sometimes  by  the 
of  a  pharynx,  to  the  stomach,  which  often  carries 
orter  caeca  appended  to  it.  The  intestinal  canal 
straight,  no  convolutions  intervening  between  the 
the  anus.  The  terminal  portion  of  the  intestine 
dilated  into  a  cloaca,  into  which  open,  as  a  rule, 
tortuous  tubes,  supposed  to  have  a  renal  function, 
sspond  with  the  "  Malpighian  vessels  "  of  Insects. 
ids  are  generally  present,  and  there  is  usually  a 
»ed  liver, 

lation  in  the  Arachnida  is  maintained  by  a  dorsal 
I  is  situated  above  the  alimentary  canal,  and  is 
the  lower  forms.  Usually  the  heart  is  greatly 
nd  resembles  the  "  dorsal  vessel "  of  the  Jnseda. 
ir  Arachnida^  however,  there  is  no  central  organ 
lation,  and  there  are  no  differentiated  blood-ves- 
le  Arachnida^  except  some  of  the  lowest,  breathe 
ctly,  and  the  respiratory  function  is  performed  by 
surface  of  the  body  (as  in  the  lowest  members  of 
»r  by  ramified  air-tubes,  termed  "  tracheae,"  or  by 
nonary  chambers  or  sacs ;  or,  lastly,  by  a  combina- 
leae  and  pulmonary  vesicles.  The  "  tracheae  "  con- 
led  or  fasciculated  tubes,  opening  upon  the  surface 
by  distinct  apertures,  called  "  stigmata."  The  walls 
are  generally  prevented  from  collapsing  by  means 
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of  a  chitinous  fibre  or  filament,  which  is  coiled  up  into  a  spiral 
and  is  situated  beneath  their  epithelial  lining.  The  pulmonar 
sacs,  or  "  tracheal  lungs,*'  are  simple  involutions  of  the  integi 
ment,  abundantly  supplied  with  blood ;  the  vascular  surfac 
thus  formed  being  increased  in  area  by  the  development  of. 
number  of  close-set  membranous  lamellae,  or  vascular  plates 
which  project  into  the  interior  of  the  cavity.  Like  the  tracheaE 
the  pulmonary  sacs  communicate  with  the  exterior  by  minat 
apertures,  or  "stigmata"  (fig.  145, 3),  and  they  are  to  be  regarde< 
as  being  simply  greatly  expanded  tracheae. 

The  nervous  system  is  of  the  normal  articulate  type,  but  i 
often  much  concentrated.  Typically  there  is  a  cephalic  Oi 
"  cerebral "  ganglion,  a  large  thoracic  ganglion,  and  often  smal 
abdominal  ganglia.  In  some  of  the  lower  forms  the  articulate 
type  of  nervous  system  is  lost,  and  there  is  merely  a  ganglionic 
mass  situated  in  the  abdomen.  In  none  of  the  Arcuhnida  are 
compound  eyes  present,  and  in  none  are  the  eyes  supported 
upon  foot-stalks.  The  organs  of  vision,  when  present,  are  in 
the  form  of  from  two  to  eight  or  more  simple  eyes,  or  "  ocelli." 

In  all  the  Arachnida^  with  the  exception  of  the  Tardigrada^ 
the  sexes  are  distinct.  The  great  majority  of  the  Arachniia 
are  oviparous,  and  in  most  cases  the  larvae  are  like  the  adult 
in  all  except  in  size.  In  some  cases,  however  (Acarina),  the 
larvae  have  only  six  legs,  and  do  not  attain  the  proper  foui 
pairs  of  legs  until  after  some  moults. 


CHAPTER  XXXVII. 

DIVISIONS  OF  THE  ARACHNIDA, 

The  class  of  the  Arachnida  may  be  divided  into  the  following 
orders : — 

Order  I.  Podosomata  {Paniopoda\ — Respiration  ejfedd 
by  the  general  surface  of  the  body  ;  limbs  four  pairs  in  number, 
elongated ;  abdomen  rudimentary,  un segmented ;  sexes  distind. 

The  members  of  this  order,  sometimes  called  "  Sea- spiders,* 
have  been  placed  alternately  amongst  the  Arachnida  and  the 
Crustacea,  their  true  position  being  rendered  doubtful  by  the 
fact  that,  though  marine  in  their  habits,  they  possess  no  dif- 
ferentiated respiratory  organs.  They  possess,  however,  no 
more  than  four  pairs  of  legs,  and  would  therefore  appear  to  be 
properly  referable  to  the  Arachnida,     According  to  Dr  DohrDi 
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however,  the  embryo  is  naupliifonn,  and  this  would  support  a 
reference  of  the  order  to  the  Crustacea,  The  commoner  forms 
of  the  Fodosomata  (such  as  Nymphon  and  Pycnogonum)  may  be 
found  on  the  sea-coast  at  low  water,  crawling  about  amongst 
marine  plants  or  hiding  beneath  stones.  Some  species  of  the 
latter  genus  are  f)arasitic  upon  fishes  and  other  marine  animals, 
but  the  common  British  species  (F,  Httorale)  is  free  when 
adult,  and  does  not  appear  to  be  parasitic  at  any  stage  of  its 
existence  (fig.  147,  a\  The  legs  consist  of  four  pairs,  some- 
times greatly  exceeding  the  body  in  length,  and  containing 
csecal  prolongations  of  the  digestive  cavity  for  a  portion  of 
their  length.  The  mouth  is  sometimes  provided  with  a  pair  of 
"chelicerae,"  or  chelate  mandibles,  and  with  two  well -devel- 
oped maxillary  palpi,  behind  which  in  the  female  are  a  pair  of 
false  legs  which  carry  the  ova.  The  abdomen  is  rudimentary ; 
but  the  cephalothorax  is  segment- 
ed. Though  there  are  no  respira- 
tory organs,  there  is  a  distinct  heart. 
The  sexes  are  in  different  individu- 
als, and  the  larvae  have  at  first  only 
two  pairs  of  legs. 

Order  II.  Acarina  or  Mono- 
MERosoMATA.  —  The  members  of 
this  order  possess  an  unsegmented 
obdomm  which  is  fused  with  the 
cephalothorax  into  a  single  mass, 
Respiration  is  effected  by  trachece,  or 
h  the  integument.  Most  of  the 
Acarina  are  parasitic,  and  the  most 
Miliar  are  the  Mites  and  Ticks. 

Family  i.  Pentastomida  (^Lingua- 
tidina), — The  members  of  this  fa- 
piily  are  worm-like  parasites,  which 
^  their  adult  state  are  found  in  the 

• 

Interior  of  the  frontal  sinuses,  the 

^,  or  the  lungs  of  the  Dog,  and 

Mother  Vertebrate  animals.    When 

«lly  grown  (fig.  146)  they  are  com- 
pletely vermiform,  with  a  soft  an- 

^tcd  integument,  and  possessing 

^external  organs  except  two  pairs 
Jfretractile  hooks,  representing  limbs,  placed  near  the  mouth. 
Tkaduli  thus  presents  an  extenial  resemblance  to  the  Tania, 
r^  which,  however,  they  are  separated  by  the  details  of  their 
^'^wnal  orgamsation.    There  are  no  differentiated  organs  ot 


Fi 


ig.  146. — A,  Pentastoma  tanioidfSt 
female,  of  the  natural  size  ;  C,  Male 
of  the  same,  of  the  natural  size  ;  B, 
Larva  of  the  same,  greatly  enlarged, 
showing  the  two  pairs  of  articulated 
limbs.  (After  Spencer  Cobbold  and 
Leuckart ) 
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respiration  or  circulation,  but  the  sexes  are  distinct  Th^ 
larvae  (fig.  146,  B)  are  found  encysted  in  the  liver  or  other 
internal  organs  of  various  Vertebrates  (including  man),  and 
possess  two  piirs  of  articulated  limbs. 

Family  2,  Tardigrada  {Macrobiolida  or  Ardisca).  —  Thij 
family  comprises  the  so-called  "  Sloth  "  or  "  Bear  Animalcules,' 
which  are  microscopic  animals  found  in  damp  moss  and  in 
the  gutters  of  houses  (fig.  14S,  B).     In  fonn,  the  body  is  solIl^ 


He-  .47,.- 


';  IT^^mUI 


what  vermiform,  with  four  pairs  of  rudimentary  legs.  The 
mouth  is  suctorial,  with  rudimentary  jaws  or  stilets.  ThcT 
exhibit  no  traces  of  respiratory  or  circulatory  organs,  and,  un- 
like the  other  Arachnids,  they  have  the  sexes  united  in  il^ 
same  individual. 


Family  3.  Acarida.~—'X\i'&  family  includes  the  Mites,  Ti»4 
and  Water-mitcs,  some  of  which  are  parasitic,  whilst  ol''^ 
are  free,  and  some  are  even  aouatic  in  their  habits.    The  ratw*- 
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for  suction,  or  for  biting.  There  is  no  definite  line 
aUion  between  the  unsegraented  abdomen  and  the 
orax. 

tiue^^n  (fig.  147,  b)y  of  which  the  Cheese-mite  may 
as  an  example,  there  are  four  pairs  of  legs,  adapted 
\gi  and  the  mouth  is  provided  with  distinct  mandibles, 
he  Cheese-mite  {A,  domesticus\  another  well-known 

the  Acarus  destructor^  which  feeds  upon  various  zoo- 
ledmens,  and  is  very  annoying  to  the  naturalist.  In 
pies  scabici — the  cause  of  the  skin-disease  known  as 
" — the  two  anterior  pairs  of  legs  are  provided  with 
ind  the  two  posterior  are  terminated  by  bristles ;  the 
Iso,  is  furnished  with  bristles  (fig.  148,  C).  In  the 
Ties)  the  mouth  is  provided  with  a  beak,  or  "  rostrum," 
ables  them  to  pierce  the  skin,  and  retain  their  hold 
XL  the  Hydrachnida  (fig.  147,  c\  or  Water-mites,  the 
umished  with  two  or  four  ocelli,  and  there  are  four 
hairy  natatory  legs.  They  are  parasitic,  during  at 
>ortion  of  their  existence,  upon  Water-beetles  and 
latic  insects.     They  pass  through  a  metamorphosis, 

being  hexapod,  or  having  only  three  pairs  of  legs, 
len-mites  (Trotnbidida)  and  Spider-mites  {GanasidcB) 
I  plants;  the  Wood-mites  {Oribattda)  and  Harvest- 
^da)  are  to  be  found  amongst  moss  and  herbage,  or 
upon  trees  or  stones ;  whilst  the  true  Ticks  {Ixodida) 
lemselves   parasitically  by  means  of  their  suctorial 

the  bodies  of  various  Mammals,  such  as  sheep,  oxen, 
Several  Mites  {T/iaiassarachnay  Pontarachnay  &c.) 
n  found  to  inhabit  salt  w^ater,  and  several  species  of 
^  live  habitually  between  tide-marks. 
a:  member  of  the  Acarina  is  the  curious  little  Demodcx 
tm  (fig.  J 48,  A),  which  is  found  in  the  sebaceous 
»f  man,  especially  in  the  neighbourhood  of  the  nose. 
bable  that  very  few,  if  any,  individuals  are  exempt 
harmless  parasite. 

L  III.  Adelarthrosomata. — The  members  of  this 
mprising  the  Harvest-spiders,  the  Book-scorpions,  &c., 
iguished  from  the  preceding  by  the  possession  of  an 
w?iich  is  more  or  less  distinctly  segmented^  but  generally 
no  line  of  separation  from  the  cephalothorax,  the  t7vo 
ingof  equal  breadth  and  conjoined  together.  The  mouth 
hed  with  masticatory  appendages^  and  respiration  is 
f  trachetE^  which  open  on  the  lower  surface  of  tlu  body 
'four  stigmata, 

f  I.   Phalangidce, — The  well-known   "  Harvest-men  " 

U 
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belong  to  thia  fiunQy.    They  are  characterised  by  the  great 
length  of  the  legs  (fig.  149,  B),  and  by  the  filif<»m  maxillai^ 


Yig.  14^ — P^ChtUfer  jiuurvidts,  ihowiDf  the  cbelale  OMxWurf  paJpi,  omiiin^ 
D,  Caltvda  amiteeidn,  oT  the  nuun]  tiie. 

palpi,  terminated  by  simple  hooks.  The  abdomen  and  cephJ- 
lothorax  are  of  about  equal  width,  but  clearly  marked  off  from 
one  another,  and  the  former  is  segmented.  There  are  tw 
eyes,  and  the  young  pass  through  no  metamorphosis.  The 
Harvest-men  are  active  in  their  habits  and  live  upon  mad 
food. 

Family  2.  Pstudoscorpiotiida  {Cheliferida). — The  raembei* 
of  this  little  group  are  readily  recognised  by  the  fact  that  ll" 
maxillary  palpi  (fig.  149,  A)  are  of  large  size,  and  are  ««>• 
verted  into  nipping-claws  or  chelse,  thus  giving  the  aninal 
the  appearance  of  a  Scorpion  in  miniature.  The  abdomtn 
is  segmented,  but  there  is  do  "post-abdomen,"  as  in  the 
true  Scorpions  ;  Eyes  may  be  wanting,  and  the  under  suriac* 
of  the  abdomen  carries  a  small  spinning-organ.  The  "Boot 
Scorpion  "  (CMi/er)  is  commonly  found  in  old  books  andB  - 
dark  places. 
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Family  3.  Soipi/^da. — In  this  family  (fig,  149,  D)  the  abdo- 
noi  is  not  only  very  distinctly  segmented,  but  is  also  clearly 
Kparatedfrom  the  cephalo thorax,  which  is  likewise  segmented. 
Hie  &lces  or  mandibles  are  chelate,  and  of  immense  size ; 
md  the  maxillary  paipi  constitute  long  feet.  The  front  of 
tlie  head  carries  two  eyes,  and  respiration  is  by  tracheae. 
GaUedes  may  be  considered  as  the  type  of  the  group,  all  the 
wmbers  of  which  are  tropical  or  subtropical  ia  their  range, 
ad  are  nocturnal  and  carnivorous  in  habit. 

Okoer  IV.  Pedipalpi. — Abdomen  segmented,  with  or  witk- 
nta  "posi-abdomen."  Respiration  by  means  of  pulmonary  sacs. 
In  this  order  are  the  true  Scorpions,  together  with  certain  other 
winiils  w}iich  are  in  some  respects  intermediate  between  the 
Scorpions  and  the  true  Spiders.  Tlie  members  of  this  order 
Ue  distinguished  by  the  fact  that  the  abdomen  in  all  is  dis- 
tiDCtly  segmented,  but  is  not  separated  from  the  cephalo- 
thorax  by  a  well-marked  constriction.  They  agree  in  this 
chancter  with  the  Adelart/irosomata ;  hence  the  two  are  some- 
times  united  into  a  single  order  {Arthrogastra),  but  they  are 
Mparated  by  the  nature  of  the  respiratory  organs,  the  latter 
breathing  by  tracheae,  and  not  by  pulmonary  sacs. 

Family  1.  Seorpionida. — The  Scorpions  are  amongst  the  best 
known  of  the  Arachnida,  as  well  as  being  amongst  the  largest. 
The]'  are  distinguished  by  their  long,  distinctly  segmented  ab- 
domen, terminating  in  a  hooked  claw  (figs.  145,  150).     This 


Fi^.  ija — Scorpi 


bw,  whicli  is  really  a  modified  "  telson,"  is  the  chief  offensive 
lapon  of  the  Scorpion,  and  is  perforated  at  its  point  by  the 
net  of  a  poison-gland  which  is  situated  at  its  base.  The  abdo- 
len  is  composed  of  twelve  somites,  not  counting  the  telson,  of 
hich  the  last  five  constitute  a  true  "  tail "  or  "  post-abdo- 
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men;"  but  there  is  no  evident  line  of  demarcation  between 
this  region  and  the  cephalothorax.  The  second  segment  ol 
the  abdomen  carries  below  two  curious  comb-like  organs  oi 
uncertain  use,  but  probably  connected  with  reproduction.  The 
thoracic  segments  carry  four  pairs  of  ambulatory  feet  There 
are  six,  eight,  ten,  or  twelve  simple  eyes  carried  on  the  top  oi 
the  head.  The  maxillary  palpi  are  greatly  developed,  and 
constitute  strong  nipping-claws,  or  ** chelae"  (figs.  145,  150). 
The  mandibles  (antennae)  also  form  claws,  or  "ch^ccne." 
The  respiratory  organs  are  in  the  form  of  pulmonary  sacs,  four 
on  each  side,  opening  upon  the  under  surface  of  the  abdomen 
by  as  many  stigmata,  each  of  which  is  surrounded  by  a  raised 
margin,  or  "peritrema"  (fig.  145,  3). 

The  Scorpions  are  mostly  inhabitants  of  warm  r^ons,  and 
their  sting,  though  much  exaggerated,  is  of  a  very  severe 
nature.  They  live  under  stones  or  in  dark  crevices,  and  ran 
swiftly,  carrying  the  tail  curved  over  the  back.  They  feed  on 
insects,  which  they  hold  in  the  chelate  palpi  and  sting  to 
death.  The  largest  forms,  from  Central  Afi-ica  and  Soath 
America,  attain  a  length  of  nine  or  ten  inches. 

Family  2.  ThclyphonidcB. — The  members  of  this  family  in 
external  appearance  closely  resemble  the  true  Spiders,  from 
which  they  are  separated  by  the  possession  of  a  segmented 
abdomen,  and  long  spinose  palpi,  and  by  the  absence  of  spin- 
nerets. They  are  distinguished  from  the  Scorpionida  by  the 
amalgamation  of  the  head  and  thorax  into  a  single  mass,  which 
is  clearly  separated  from  the  abdomen  by  a  constriction,  as 
well  as  by  the  fact  that  the  maxillary  palpi  terminate  in  mov- 
able claws  instead  of  chelte.  Further,  the  extremity  of  the 
abdomen  is  not  furnished  with  a  terminal  hook,  or  "  sting." 

In  Thelyphanus  (fig.  149,  C)  the  abdomen  terminates  in  three 
post-abdominal  segments,  to  which  a  long  many-jointed  caudal 
appendage  is  attached  ;  but  in  Phrynus  the  abdomen  ends  in 
a  button-like  segment.  The  first  pair  of  legs  is  the  longest 
(immensely  so  xn  Phrynus)^  the  fakes  are  not  chelate  ;  and  the 
maxillary  palpi,  though  of  large  size,  and  sometimes  didactylc, 
do  not  form  true  chelae.  The  genus  TJulyphonus  is  confined 
to  the  tropical  parts  of  Asia,  America,  and  Australia,  and  the 
genus  Phrynus  is  also  wholly  tropical. 

Order  IL  Araneida  or  Sph.^rogastra. — ^This  order  in- 
cludes the  true  Spiders,  which  are  characterised  by  the  amif' 
gamcUion  of  the  cephalic  and  thoracic  segments  into  a  single  iMSS^ 
and  by  the  generally  soft,  unsegmentcd  abdomen^  attached  to  ^ 
cephalothorax  by  a  constricted  portion,  or  peduncle,  Respin^ 
is  effected  by  pulmonary  sacs  in  combination  with  trachea.    (Hence 
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Hit  vime  Pulifw&aeiairta,  sometimes  appliefd  to  the  6rder.) 
Hie  Dumber  of  the  pulmonary  sacs  is  smaller  in  the  true  Spiders 
thui  in  the  Scotpions,  being  either  two  or  Tour,  opening  by  as 
nay  stigmata  upOD  the  under  surface  of  the  abdomen,  Usu- 
illj  there  are  only  two  pulmonary  stigmata,  placed  just  be- 
W  the  peduncle  which  unites  the  cephaJothonut  with  the 
ibdomen,  on  the  lower  surface  of  the  latter.  In  the  Mygalidm 
(boe  are  two  posterior  stigmata,  leading  Into  pulmonary  sacs ; 
ad  10  other  genera  there  are  also  two  additional  stigmata, 
tUcii,  however,  open  into  tracheae,  and  not  into  pulmonary 
tao. 

The  bead  bears  two,  four,  six,  or  eight  simple  eyesj  the 
inaiidibles  are  simply  hooked,  and  are  perforated  by  the  duct 
<f  a  gland  which  secretes  a  poisonous  fluid ;  and  the  maxillary 
pilp  are  never  chelate.  The  maxillary  palpi  of  the  females 
are  almost  always  leg-like,  and  are  often  of  the  same  form  in 
4e  males.  The  latter,  however,  commonly  have  the  ends  of 
lie  palpi  tumid,  in  which  case  they  appear  to  be  employed  for 
ite  purpose  of  conveying  the  seminal  fluid  to  the  female,  thus 
eietcising  a  reproductive  function. 

Spiders  (figs.  144,  151)  are  all  predaceous  animals,  and  many 


of  them  possess  the  power  of  constructing  webs  for  the  capture 
5f  their  prey  or  for  lining  their  abodes.  For  the  production  of 
ieweb,  Spiders  are  furnished  with  special  glands,  situated  at 
Jie  extremity  of  the  abdomen.  The  secretion  of  these  glands 
S  a  viscid  fluid,  which  hardens  rapidly  on  exposure  to  air,  and 
rhich  is  cast  into  its  proper,  thread-like  shape,  by  being  passed 
bough  what  are  called  the  "  spinnerets,"  These  are  little 
onical  01  cylindrical  Organs,  four  or  six  in  number,  situated 
■elow  the  extremity  of  the  abdomen,  and  possibly  to  be  re- 
Vded  as  modified  limbs.     The  excretory  ducts  of  the  glands 
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open  into  the  spinnerets,  each  of  which  has  its  apex  perfoiat 
by  a  great  number  of  minute  tubes,  through  which  the  sec 
tion  of  the  glands  has  to  pass  before  reaching  the  air.    Ma 
spiders,  however,  do  not  construct  any  web,  unless  it  be 
their  own  habitations,  but  hunt  their  prey  for  themselves. 

The  form  of  the  web  has  been  employed  as  a  basis  of  dassification  of 
Spiders,  and  amongst  its  numerous  modifications,  the  following  may 
speciSilly  alluded  to :  Some  forms  (such  as  the  common  Garden-Spidc 
construct  a  web  in  the  form  of  an  incomplete  or  complete  circle,  with  la 
radiating  from  the  centre.  These  have  been  termed  *^ OrbiidariaJ*  Otbi 
— the  so-called  **  Retiielaria: " — simply  spin  a  thin  suspended  sheet  forth 
web.  Others  (*'  Tubitelaria  ")  construct  a  silken  tube,  inserted  in  anjao 
dental  cavity,  its  mouth  being  open  and  guarded  by  more  or  fewer  thitKi 
I^Astly,  others  (**  TtrriUlaruP^)  spin  a  siflcen  tube  in  a  hole  formed  by  t! 
animal  itself,  and  close  its  mouth  by  means  of  a  variously-constructed  li(i 

The  Spiders  are  oviparous,  and  the  young  pass  through  i 
metamorphosis ;  but  they  cast  their  skins,  or  moult  repeatedl; 
before  they  attain  the  size  of  the  adult  Most  Spiders  depos 
their  eggs  in  silken  nests  or  cocoons,  often  beautifully  coi 
structed,  and  sometimes  carried  about  by  the  females.  Tl 
males  are  generally  smaller  than  the  females,  and  of  rar 
occurrence. 

Distribution  of  Arachnida  in  Time. — The  Arachnii 
are  only  very  rarely  found  in  a  fossil  condition.  As  far  as 
yet  known,  both  the  Scorpions  and  the  true  Spiders  appe 
to  have  their  commencement  in  the  Carboniferous  epoch,  tl 
former  being  represented  by  the  celebrated  Cyclophthalv^ 
senior  from  the  Coal-measures  of  Bohemia,  and  by  the  Eoscorpii 
Carbonarius  of  the  Carboniferous  strata  of  Illinois.  Oth' 
Carboniferous  Arachnida  have  been  referred  to  the  gene 
Eophrynus,  Architarbus^  and  Mazonia,  Spiders  are  alsoknoi* 
to  occur  in  the  Jurassic  Rocks  (Solenhofen  Slates)  and  in  tl 
Tertiary  period.  The  Mites,  Harvest-spiders,  and  Book-sco 
pions  have  been  detected  in  amber. 


CHAPTER  XXXVITI. 

MYRIAPODA, 

Class  HI. — Myriapoda. — The  Myriapoda  are  defined  astf< 
iiadate  animals  in  which  the  head  is  distinct^  and  the  remain^ 
of  i/ie  body  is  divided  into  nearly  similar  segments^  the  thr^ 
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akibitiiig  lu  dear  line  of  ttemaraiiion  from  the  abdomen.     There 
a  nupair  cfanientia,  and  the  num^  of  the  legs  «  always  more 
Oan  agkt pairs.     Kespiration  is  by  traehea. 
Id  this  class — comprising  the  Centipedes  (figs.  152, 153)  and 


tte  Millepedes — the  integument  is  chitinous,  the  body  is  divided 
iiio  a  number  of  somites  provided  with  articulated  appendages, 
*iid  the  nervous  and  circulatory  organs  are  constructed  upon  a 
plan  similar  to  what  we  have  seen  in  Crustacea  and  Arachnida. 
^  head  is  invariably  distinct,  and  there  is  no  marked  line  of 
demarcation  between  the  segments  of  the  thorax  and  those  of 
Ibe  abdomen.  The  body,  except  in  Pauropus,  always  consists 
cf  more  than  twenty  somites,  and  those  which  correspond  to 
tiM  abdomen  in  '^zAraehnida  asiAInsecta  are  always  provided 
*ilii  locomotive  limbs.  "  The  head  consists  of  at  least  live, 
ud  probably  of  six,  coalescent  and  modified  somites;   and 
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some  of  the  anterior  segments  of  the  body  are,  in  manj 
coalescent,  and  have  their  appendages  specially  mot 
subserve  prehension  "  (Huxley).  Pauropus  has  tmlyn: 
of  legs ;  but,  with  this  exception,  eleven  pairs  of  leg 
smallest  number  known  in  the  order. 

The  respiratory  organs,  with  one  exception  (i.e.,  Pt 
agree  with  those  of  the  Inseda  and  of  many  of  the  Ax 
ill  being  "tracheEc" — that  is  to  sa) 
which  open  upon  the  surface  of  tl 
by  minute  apertures,  or  "  stigmata," 
walls  of  which  are  strengthened  by  a 
coiled  filament  of  chitine.  The  trach 
or  ma.y  not  anastomose  with  one  aa 
they  do  in  Insects. 

The  somites,  with  the  exception 
head  and  the  last  abdominal  segno 
usually  undistinguishable  from  one  . 
and  each  generally  bears  a  single 
limbs.  In  some  cases,  however,  ci 
ment  appears  to  be  provided  with  n 
of  appendages  (fig.  154).  This  is  re 
to  the  coalescence  of  the  somites  in  pa 
apparent  segment  being  in  reality  cc 
of  two  amalgamated  somites.  This  if 
not  only  by  the  bigeminal  limbs,  but 
the  arrangement  of  the  stigmata,  whic 
normal  forms  occur  on  every  altem 
only,  whereas  in  these  aberrant  forms 
found  upon  every  ring. 

The  head  always  bears  a  pair  of 
antennfe,  resembling  those  of  many 
and  behind  the  antenna  there  is  gci 
variable  number  of  simple  sessile  ej 
^^\i^oi7p^'^^  one  s^fx\t%{Saitigcra)  compound  face 
are  present ;  and  in  Pauropus  the  ; 
are  bifid,  and  carry  many-jointed  appendages,  thus  1 
wholly  from  the  antennre  of  Insects,  and  presenting  a 
approximation  to  the  Ct-ustacea, 

The  young  in  some  cases,  on  escaping  from  the  egg, 
nearly  idl  the  characters  of  the  parents,  except  that  the 
of  somites,  and  consequently  of  limbs,  is  always  less, 
creases  at  every  change  of  skin  ("  moult "  or  "  ecdysi; 
most  cases,  however,  there  is  a  species  of  metamorph< 
embryo  being  at  first  either  devoid  of  locomotive  appi 
or  possessed  of  no  more  than  three  pairs  of  legs. 
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iem!>liiig  the  true  hexapod  Insects.  It  is  believed,  however, 
that  the  legs  of  these  hexapod  larvae  do  not  correspond  homo- 
lo^cally  with  the  three  pairs  of  legs  proper  to  adult  Insects. 
In  these  cases  the  number  of  legs  proper  to  the  adult  is  not 
obtUDed  until  after  several  moults,  the  entire  process  being 
itited  to  occupy  in  some  species  as  much  as  two  years,  before 
naturity  is  reached, 

l\it  Myriapada  are  divided  into  three  orders — viz.,  the  Chi- 
^iff^t  the  Chilognatha^  and  the  Fauropoda,  to  which  a  fourth, 
indcr  the  name  of  Onychophora,  must  be  provisionally  added 
far  the  reception  of  the  genus  Peripatus, 

Order  I.  Chilopoda.  —  This  order  comprises  the  well- 
bown  carnivorous  Centipedes  and  their  allies,  and  is  charac- 
terised by  the  number  of  legs  being  rarely  indefinitely  great 
iosuallyfrom  15  to  20  pairs),  by  the  composition  of  the  an- 
%nn9&  out  of  not  less  than  14  joints  (14  to  40  or  more),  and 
)y  the  structure  of  the  masticating  organs.  These  consist  of 
I  pair  of  mandibles  with  small  palpi,  a  labium,  and  two  pairs 
rf"maxillipedes,*'  or  foot-jaws,  of  which  the  second  is  hooked, 
tnd  is  perforated  for  the  discharge  of  a  poisonous  fluid.  There 
s  not  more  than  one  pair  of  legs  to  each  somite,  and  the  last 
iro  limbs  are  often  directed  backwards  in  the  axis  of  the  body, 
(oas  to  form  a  kind  of  tail.  The  body  in  all  the  Chilopoda  is 
iattened,  and  the  generative  organs  open  at  the  posterior  end 
tf  the  body. 

Scohpendra  (fig.  153),  Lithohius  (fig.  152),  and  Geophilus  are 
xxmnon  European  genera  of  this  order.  The  ordinary  Cen- 
ipedes  of  this  country  are  perfectly  harmless ;  but  those  of 
roptcail  regions  sometimes  attain  a  length  of  a  foot,  or  more, 
ind  these  are  capable  of  inflicting  very  severe,  and  even 
laagerous,  bites. 

Okder  IL  Chilognatha. — This  order  comprises  the  vege- 
ible-eating  Millepedes  {lulidce),  the  Gaily  worms  {Po/ydesmus), 
nd  other  allied  forms.  The  order  is  characterised  by  the 
wat  number  of  legs, — each  segment,  except  the  five  or  six 


Fig.  154.— Millepede  (/jw/mi). 


iterior  ones,  bearing  two  pairs ;  by  the  composition  of  the 
itennae  out  of  six  or  seven  joints ;  and  by  the  structure  of  the 
isticating  organs,  which  consist  of  a  pair  of  mandibles  with- 
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out  palps,  covered  by  a  lower  lip,  composed  of  the  confl 
maxilUe.  The  generative  apertuies  are  placed  in  the  anb 
portion  of  the  body. 

In  the  common  Millepede  {lulus)  the  body  is  compose 
from  forty  to  fifty  segments,  each  of  which  bears  two  pau 
minute,  thread-like  legs.  The  lull  of  this  country  are  of  s 
size,  but  an  American  species  attains  a  length  of  more  t 
half  a  foot.  The  Glomerida,  or  "  Pill-Millepedes,"  live  a 
stones,  and  have  the  power  of  rolling  themselves  np  ini 
ball. 

Order  III.  Fauropoda. — In  this  order  is  only  an  e 
ordinary  little  Myriapod,  described  by  Sir  John  Lubb 
under  the  name  of  Pavrtfput ' 
155).  The  body  is  only  < 
twentieth  of  an  inch  in  Iiq 
and  consists  of  ten  somites, 
nished  with  scattered  sets,  11 
are  only  nine  pairs  of  1^ 
which  one  pair  is  carried  by 
3d  segment,  whilst  the  4th,  , 
6th,  and  7th  segments  carry  c 
two  pairs  of  legs,  and  may  th 
fore  be  regarded  as  really  doa 
The  head  is  composed  of  two 
ments,  and  is  not  provided  1 
jaw-feet  The  antennae  are  I 
jointed,  bifid,  with  three  long  mi 
articulate  appendages.  The  b 
is  white  and  colouriess,  and  tl 
are  no  tracheie,  so  that  resiuni 
must  be  effected  entirely  by 
skin.  Pauropus  is  found  ama 
decaying  leaves  in  damp  situats 
and  species  have  been  descri 

both   from    Britain   and  Ama 

eniiracii  fifty  It  is  separated  from  the  Ctabn 

ou™.Kt^    V«i-«  =«  Jo6n  Lub.    ^y    jj^    gj^^j,    jj^i^^g^  of  ,^ 

absence  of  foot -jaws,  and 
composition  of  the  antennae  out  of  no  more  than  five  joint 
Order  IV.  Onvchophora  (Gnibe). — In  the  West  In( 
South  Africa,  South  America,  and  New  Zealand  occur  exam 
of  a  peculiar  genus  of  animals,  which  has  been  named  J 
patus,  and  has  been  at  different  times  referred  to  the  Ei 
Annelides,  the  Leeches,  the  Tapeworms,  or  the  Myri^ 
The  species  of  Peripalus  are  terrestrial  in  their  habit^  U 


^'i-  'Si-—Paurv^Hl. 
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in  moist  earth,  in  decayed  wood,  or  under  stones,  active  by 
night  only,  and  completely  worm-like  in  fonn.  The  cylin- 
drical body  (fig,  156)  is  annulated,  and  provided  with  numer- 


now,  cnlniin]  iin 

nhul    <AikcrGnitK) 


iglc  fDU»  vkwed  from  above  and  Hdewuyi, 


OB  pairs  of  ambulatory  feet,  which  are  jointed,  and  tenninated 
hyone  or  two  hooked  claws  (fig.  156,  C  and  D),  sometimes 
lUli  a  bunch  of  setse.  The  animal  walks  like  a  caterpillar,  by 
OMVls  of  its  feet,  and  lolls  up  like  a  Millepede  when  alarmed. 
T^  mouth  is  furnished  with  one  or  two  pairs  of  homy  hooked 
j«wi  The  respiratory  organs,  as  recently  shown  by  Moscley, 
■re  in  the  form  of  iroihea,  which  open  externally  by  numerous 
diffiued  apertures,  and  rarely  branch.  From  the  researches  of 
Moseley,  the  sexes  would  appear  to  be  distinct,  though  the 
uimal  is  stated  to  be  hermaphrodite  by  Grube  and  Hutton. 
TTie  vmtral  nerve-cords  are  widely  divergent, 

The  systematic  position  of  Peripalus  must  in  the  meanwhile 
be  regarded  as  doubtful,  the  animal  presenting  a  type  of  struc- 
ture intermediate  between  the  Errant  Annelides  and  the 
Upiapoda.  The  presence  of  trachefe,  however,  renders  it 
iq)ossible  to  place  Peripatus  amongst  the  Annelida,  and  the 
■ttnitiea  of  the  genus  appear  to  be  closer  with  the  Myria- 
|>ods  than  with  any  other  group ;  though  the  wide  separation 
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of  the  ventral  nerve-cords,  along  with  other  pknnts,  remove 
Peripatus  to  a  considerable  distance  from  the  nonnal  forms 
of  the  Myriapoda.  If  Peripatus  should  ultimately  be  retained 
in  the  Myriapoda^  it  would  be  as  well,  for  the  sake  of 
uniformity,  to  change  Grube's  name  of  Onyckophara  to  that  of 
Onychopoda, 

Distribution  of  Mvriapoda  in  Time. — About  twenty 
species  of  Myriapoda  are  known  as  fossils,  the  oldest  example 
of  the  order  having  been  found  in  the  Carboniferous  epoch. 
From  rocks  of  this  age  several  species  of  Chilognathous  Myria- 
pods  have  been  discovered.  The  best-known  forms  belong  to 
the  genera  Xylobius  and  Archiuius,  and  have  been  placed  in  a 
special  family  under  the  name  of  Archiulida.  The  occurrence 
of  air-breathing  articulate  animals  (both  Arachnida  and  Myiv^ 
poda)  in  the  Carboniferous  period  is  noticeable,  as  being  con- 
temporaneous with  the  earliest-known  terrestrial  Molluscs. 


CHAPTER   XXXIX. 
INSECTA. 

GENERAL   CHARACTERS   OF  THE   INSECTA. 

Class  IV. — Insecta. — The  Insecta  are  defined  as  articul^ 
animals  in  which  the  head,  thorax^  and  abdomen  are  distind; 
there  are  three  pairs  of  legs  borne  on  the  thorax  ;  the  abdmi^ 
is  destitute  of  legs  ;  a  single  pair  of  antenna  is  present;  m^sHj^ 
tliere  are  two  pairs  of  wings  on  tlie  thorax^  Hespiraticn  tf 
effected  by  trcuhcce. 

In  the  Insecta  the  body  is  divided  into  a  variable  number  rf 
definite  segments,  or  somites,  some  of  which  are  furnished 
with  jointed  appendages,  and  the  nervous  and  circulatoiy 
systems  are  constructed  upon  essentially  the  same  plan  as  in 
the  Crustacea^  Arachnida,  and  Afyriapoda,  The  head,  thorax, 
and  abdomen  are  distinct  (figs.  157,  158),  and  the  total  number 
of  somites  in  the  body  never  exceeds  twenty.  "  Of  these,  ^ 
certainly,  and  six  probably"  (according  to  some  authorities,  four 
only),  "  constitute  the  head,  which  possesses  a  pair  of  antcnn*, 
a  pair  of  mandibles,  and  two  pairs  of  maxillae,  the  hinder  part 
of  which  are  coalescent,  and  form  the  'labium.'  Three,  or 
perhaps,   in  some  cases,   more,  somites  unite  and  become 
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^  modified  to  form  the  thorax,  to  which  the  three  pairs 
nodve  limbs,  characteristic  of  perfect  Insects,  are 
L  Two  additional  pairs  of  locomotive  organs,  the 
re  developed,  in  most  insects,  from  the  tergal  walls  of 
od  and  third  thoracic  somites.     No  locomotive  limbs 

developed  from  the  abdomen  of  the  adult  insect ;  but 
lal  portions  of  the  abdominal  somites,  from  the  eighth 
dSy  are  often  metamorphosed  into  apparatuses  ancillary 
enerative  function"  (Huxley). 

int^ument  of  the  Inseciay  in  the  mature  condition,  is 
less  hardened  by  the  deposition  of  chitine,  and  usu- 
is  a  resisting  exo- 
,  to  which  the 
are  attached 
nentsof  thehead 
Igamated  into  a 
tece,  which  bears 
f  jointed  feelers 
Dnae,  a  pair  of 
lally  compound, 
\  appendages  of 
uth.  The  seg- 
f  the  thorax  are 
ilgamated  into  a 
>iece;  but  this, 
sless,  admits  of 
7n  into  its  con- 
three  somites 
7,  158).  These 
i«i  respectively, 
:fore  backwards, 
i&iOTzx^  "meso- 

and  ''metatho- 
id  each  bears  a 
jointed  legs.  In 
X  majority  of  In- 
lie  dorsal  arches 
mesothorax  and 
Tax  give  origin 
a  pair  of  wings. 

1^  consists  of  from  six  to  nine  joints  (see  fig.  161). 
rt  of  these,  which  is  attached  to  the  sternal  surface  of 
rax,  is  called  the  "  coxa,"  and  is  succeeded  by  a  short 
Tmed  the  "trochanter."  The  trochanter  is  followed 
nty  <rften  of  laige  size,  called  the  "  femur,''  succeeded 


Fi; 


S.  z57.-"I>iafl;ram  of  Insect,  a  Head,  carrying 
le  eyes  ana  antennae ;  b  Prothorax,  carrying 
the  first  pair  of  legs ;  c  Mesothorax,  carrj'ing 
the  second  pair  of  legs  and  first  pair  of  wings ; 
d  Metathorax,  with  the  third  pair  of  legs  and 
the  second  pair  of  winis^s ;  r  Abdomen,  without 
limbs,  but  having  termmal  appendages  subser- 
vient to  reproduction. 
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by  the  so-called  "  tibia,"  and  this  has  articulated  to  it  the 

"  tarsus,"  which  may  be  composed  of  from  one  to  five  joina. 

The  wings  of  Insects  are  expansions  of  the  sides  of  the 


Fig.  i;3.— A,  UnCDfthc  Bngoa-Bics  (^i.,^. s 
cnrn'ing  the  tyt%  anlcnnx>  and  orsjuii  of  thi 
third  arement-s  ttf  the  thorax  slightly  sej 
pair  of  leg4»  and  the  two  ia.«t  car 

the  hinder  pair  of  jawjt  (jnX  »ad 


'</)■ 


meso-  and  meta-thorax,  these  expansions  being  supported  bjf 
slender  but  firm  tubes,  known  as  the  "  nervures."  Each  nen'- 
ure  consists  of  a  central  trachei  or  air-tube,  running  in  the 
centre  of  a  lai^er  blood-tube;  so  that  the  wings  not  only  act 
as  organs  of  flight,  but  at  the  same  time  assist  in  the  process 
of  respiration.  Normally,  two  pairs  of  wings  are  present,  bul 
one  or  other  may  be  wanting.  In  the  Coleoptera  (Beetles)  the 
anterior  pair  of  wings  becomes  hardened  by  the  deposition 
of  chitine,  so  as  to  form  two  protective  cases  for  the  hinder 
membranous  wings.  In  this  condition  the  anterior  wings  an 
known  as  the  "  elytra,"  or  "  wing-cases."      In  some  of  the 
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Hadftera  this  change  only  affects  the  inner  portions  of  the 
Ulterior  wings,  the  apices  of  which  remain  membranous,  and 
to  these  the  term  **hemelytra"  is  applied.  In  the  Diptera  the 
[)08terior  pair  of  wings  are  rudimentary,  and  are  converted 
Dto  two  capitate  filaments,  called  ''halteres"  or  "balancers." 
[0  the  Strepsiptera  the  anterior  pair  of  wings  are  rudimentary, 
md  are  converted  into  twisted  ^laments. 

The  typical  number  of  somites  in  the  abdomen  of  the  In- 
^fda  is  eleven,  and  this  number  can  often  be  recognised  in 
the  Neuroptera  and  in  some  other  forms.  In  the  Hymenopiera 
and  Lepidoptera  not  more  than  ten  can  be  recognised,  and  in 
other  cases  even  fewer  can  be  made  out  The  abdominal 
somites  are  usually  more  or  less  freely  movable  upon  one  an- 
other, and  never  carry  locomotive  limbs.  The  extremity  of 
the  abdomen  is,  however,  not  infrequently  furnished  with  ap- 
pendages, which  are  connected  with  the  generative  function, 
and  not  infrequently  serve  as  offensive  and  defensive  weapons. 
Of  this  nature  are  the  ovipositors  of  Ichneumons  and  other 
insects,  and  the  sting  of  Bees  and  Wasps.  In  the  Earwig 
(Furficuia)  these  caudal  appendages  form  a  pair  of  forceps ; 
whilst  in  many  Insects  they  are  in  the  form  of  bristles,  by 
^ich  powerful  leaps  can  be  effected,  as  is  seen  in  the  Spring- 
tails  (Podura).  In  some  insects  (as  the  Mole-cricket  and 
Codroach),  the  ninth  or  tenth  abdominal  segment  carries 
jomted  antenniform  appendages,  which,  though  perhaps  par- 
tially or  even  primarily  generative  in  function,  are  certainly 
oiguis  of  sense,  being  connected  with  smell  or  hearing. 

The  organs  about  the  mouth  in  Insects  are  collectively 
termed  the  **  trophi,"  or  "  instrumenta  cibaria."  Two  principal 
types  require  consideration — namely,  the  masticatory  and  the 
nctorial — both  types  being  sometimes  modified,  and  occasion- 
%  combined. 

In  the  Masticatory  Insects,  such  as  the  Beetles  (fig.  159,  i), 
the  trophi  consist  of  the  following  parts,  from  before  back- 
ward: I.  An  upper  lip,  or  "labrum,*'  attached  below  the 
h>nt  of  the  head ;  2.  A  pair  of  biting-jaws,  or  "  mandibles ;  '* 
}.  A  pair  of  chewing-jaws,  or  "  maxillae,"  provided  with  one 
or  more  pairs  of  "  maxillary  palps,"  or  sensory  and  tactile 
filaments ;  4-  A  lower  lip,  or  "  labium,"  composed  of  a  second 
coalescent  pair  of  maxillse,  and  also  bearing  a  pair  of  palpi, 
the  "  labial  palps."  The  primitive  form  of  the  labium — that, 
namely,  of  a  second  pair  of  maxillae — is  more  or  less  per- 
fectly retained  by  the  Orthoptcra  and  some  of  the  Neuroptera, 
The  lower  or  basal  portion  of  the  labium  is  called  the  ''  men- 
tnm,"  or  chin,  whilst  the  upper  portion  is  more  flexible, 
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and  is  tenned  the  "Ugula."  The  central  pDrti<»  of  the 
ligula  is  often  developed  into  a  kind  of  tongue,  which  ic 
very  distinct  in  some  Insects  (as  in  Bees),  and  is  tenned  the 
"  lingua." 

In  the  typical  suctorial  mouth,  as  seen  in  the  Btitteiflies 
(tig.  159,  3)  the  following  is  the  airangement  of  parts :   The 


F'X'  i;q.— Organtoftheinouthin  tnKctii.  I.  Trophiofanusticati«iBiKt(B«AV 
a  Labnim  or  upper  lip:  t  Mandiblet;  r  Maxiltzt  itith  ihcir  oalfi:  d  L>Maii« 
lower  lip,  wiih  in  pafpL  :.  .Moiiih  uf  ■  Buiurfly:  'Eye: /Bue  dTuKoh:/ 
I.^i3lnalp:  «  Spiral  Irunk  CI  "anllix-  1.  Mouth  ofa  Hcn^ciwi  IallxIl.^tf• 
a  vrrn) :  /  Ubiiim ;  h  MaiilUc ;  n  MandVUe.. 

labrum  and  the  mandibles  are  now  quite  nidimentaiy ;  the 
first  i>air  of  maxill*  is  greatly  elongated,  each  maxilla  fonning 


;  together  by  their  ii 

"trunk,"  or  "antlia"  (in^ 

"),  by  which  the  juiceJ  of 

xilla,  besides  the  halftube 

1  its  interior ;  consequenllf 


I  half-tube.  These  ma.\ill«  e 
surfaces,  and  thus  fomt  a  spiral  " 
propriately  called  the  "  probosc' 
flowers  are  sucked  up.  Each  mr 
on  one  side,  contains  also  a  tube  ii 
on  a  transverse  section  the  trunk  is  found  really  to  o 
three  canals,  one  in  the  interior  of  each  maxilla,  and  the 
third  fomied  between  them  by  their  apposition.  To  the  base 
of  the  trunk  are  attached  the  maxillary  palpi,  which  are  fl(- 
tremely  small.  Behind  the  trunk  is  a  small  labium,  composed 
of  the  united  second  pair  of  maxilla:.  The  "  labial  pal(»  "  ait 
greatly  developed,  and  form  two  hairy  cushions,  between 
which  the  trunk  is  coiled  up  when  not  in  use- 
In  the  Bee  there  exists  an  intermediate  condition  of  partJi 
the  mouth  being  fitted  i>artly  for  biting,  and  partly  for  suction. 
The  labrum  and  mandibles  are  well  developed,  and  icbin 
their  usual  form.  The  maxilla:  and  the  labium  are  greatly 
elongated ;  the  former  being  apposed  to  the  lengthened  toi^ 
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toner  as  to  fom]  a  tubular  trunk,  which  cannot  be 

I  in  the  Butterflies,  but  is  capable  of  efficient  suc- 

labial  palpi  are  also  greatly  elongated. 

imiptera,  the  "trophi"  consist  of  four  lancet-shaped 

ich  arc  the  modified  mandibles  and  niaxillie,  en- 
tubular  sheath  formed  by  the  elongated  labium 

).      Lastly,  in  the  Diptera  —  as  in  the  common 

there  is  an  elongated  labium,  which  is  channelled 

r  surface  for  the  reception  of  the  mandibles  and 

se  being  modified  into  bristles  or  lancets. 

th  in  the  Masticating  Insects  leads  by  a  pharynx 

igus   into  a  mem- 

iually  folded,    sto- 

\  "crop,"  or  "ii> 

rom  which  the  food 

ted    to  a    second 

(HDach,  called  the 

fig.  i6a).    Thegiz- 

rentricutus,  is  adap- 

ling  the  food,  often 

»  or  teeth  of  chi- 

>ed  in  its  walls,  and 

d  by  the  true  di- 

y,  called  the"  chy- 

h"  {ventriadui  chy- 
From  this  an  in- 

■riable  length  pro- 

enoinal  portion,  or 

taing  into  a  dilata- 

w  common  to  the 

generative  organs,        v       > 

acd  the  "cloaca."      j\  f^^^^ff^  ' 

tagus  is  furnished  ^         "l 

f  glands  of  varying 

implexity,  which  in 

•n-i-rc  thf  silt     :\-nA     ^'<-    '*0,  —  Dig«tivo  lyilcDI   of  >    Beetlt 

OT'ete  ine  suk,  ana      ,(.>„;„  „.„„«).    a  (Kuphatm:  b 

UIgle  duct,  furnish-       "-"rup ;  c  CuarJ  ;  d  ChyliBc  Komach ;  *■ 

jinneret  and  devel-  "A^fe^'"'-^'"'"'™''^'''^"- 
the  labium.     (In 

!,  however,  the  spinneret  is  placed  at  the  extremity 
omen).  No  true  liver  is  present,  but  the  stomach 
secreting  cells,  which  appear  to  exercise  an  hepatic 
Behind  the  pyloric  aperture  of  the  stomach,  with 
tceptions,  is  a  variable  number  of  cxcal  convoluted 
[60,  i),  which  open  into  the  intestine,  and  are  cidled 
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the  "  Malpighian  tubes."  These  vessels  are  now  generally  re- 
gardecl  as  dischai^ng  a  renal  function,  and  as  corrcspondii^ 
with  the  kidneys  of  the  higher  animals.  There  are  no  absor- 
bent vessels,  and  the  products  of  digestion  simply  transude 
through  the  walls  of  the  alimentary  canal  into  the  sinuses  or 
irregular  cavities  which  exist  between  the  abdominal  organs. 
The  apparatus  of  digestion  does  not  differ  essentially  from  the 
above  in  any  of  the  Insects ;  but  the  ahmentaiy  canal  is,  gen- 
erally speaking,  considerably  lengthened  in  the  herbivorous 
species. 

There  is  no  regular  and  definite  course  of  the  circulation  in 
the  Insects.  The  propulsive  organ  of  the  circulation  is  along 
contractile  cavity,  situated  in  the  back  and  termed  the  "dcffsal 
vessel"{fig.  i6r,  A).     This  is  composed  of  a  number  of  sacs 


Iwalniba;  vvMVi 


(ordinarily  eight),  opening  into  one  another  by  valvular  ifW 
tures,  which  allow  of  a  current  in  one  direction  only^vit,  to- 
wards the  head.  The  blood  is  collected  from  the  irr^ulir 
venous  sinuses  which  are  formed  by  the  lacunae  and  intei^icti 
between  the  tissues,  and  enters  the  dorsal  vessel  from  belaai, 
and  by  lateral  valvular  openings ;  it  is  then  driven  forward^ 
and  is  expelled  at  the  anterior  extremity  of  the  body.    Tic 
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of  the  Inseda  is  corpusculated,  and  usually  colourless. 
the  general  belief  is  that  there  is  no  regular  system  of 
vessels  (arteries  and  veins),  and  that  the  blood  simply 
tes  through  the  interstices  of  the  tissues,  some  observers 
the  partial  existence  of  true  vessels,  and  others  maintain 
le  blood  circulates  in  the  spaces  between  the  tracheae 
leir  enveloping  shes^ths,  which  thus  become  converted 
cod-vessels. 

piration  is  eflfected  by  means  of  "  tracheae,"  or  branched 
which  commence  at  the  surface  of  the  body  by  lateral 
res,  called  "  stigmata,"  or  "  spiracles,"  and  ramify  through 
part  of  the  animal.  In  structure  the  tracheae  are  mem- 
tSy  but  their  walls  are  strengthened  by  a  chitinous  fila- 
vhich  is  rolled  up  into  a  continuous  spiral  coil.  In  the 
:krv8e  of  many  insects,  and  in  one  adult  insect,  branches 
:(|ache8e  are  sent  to  temporary  outgrowths  whicli  are 
^taucheal  gills,"  and  in  which  the  blood  is  oxygenated. 
r,  except  the  single  insect  above  mentioned, 
internal  or  external  appendages  fall  off  when 
\  attkined.  The  wings,  also,  whilst  acting  as  loco- 
doubtless  subserve  respiration,  the  nervures 
tabes  filled  with  blood  and  enclosing  tracheae. 
system  in  Insects,  though  often  concentrated 
consists  essentially  of  a  chain  of  ganglia, 
%  and  united  together  by  a  series  of  double 
iniissures.  The  cephalic  or  "  prae-oesophageal '' 
of  luge  size,  and  distribute  filaments  to  the  eyes 
Tne  post-oesophageal  ganglia  are  united  to  the 
cords  which  form  a  collar  round  the  gullet,  and 
the  nerves  to  the  mouth,  whilst  the  next  three 
the  nerves  to  the  legs  and  wings.  In  larvae, 
'i)MUis  of  ganglia  may  often  be  recognised.  In  the 
wirever,  of  the  higher  groups  of  Insects  (such  as  the 
tra^  Hymenapteraj  Diptera^  and  Lepidop1era)y  the  thoracic 
.  coalesce  into  a  single  mass. 

organs  of  sense  are  the  eyes  and  antennae.  The  eyes 
"XXs  are  usually  "  compound,"  and  are  composed  of  a 
r  of  hexagonal  lenses,  united  together,  and  each  sup- 
ith  a  separate  nervous  filament.  Besides  these,  simple 
"ocelli,"  or  "stemmata," — are  often  present,  or,  in  rare 
nay  be  the  sole  organs  of  vision.  In  structure  these 
le  the  single  elements  of  the  compound  eyes.  In  a  few 
lie  eyes  are  placed  at  the  extremities  of  stalks  or  pedun- 
It  in  no  case  are  these  peduncles  movably  articulated 
bead,  as  is  the  case  in  the  Podophthalmous  Crustaceans. 
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The  antennae  are  movable,  jointed  filaments,  attached  usually 
close  to  the  eyes,  and  varying  much  in  shape  in  different  In- 
sects. They  doubtless  discharge  the  functions  of  tactile  organs, 
but  are  probably  the  organ  of  other  more  recondite  senses  in 
addition. 

The  sexes  in  Insects  are  in  different  individuals,  and  most 
are  oviparous.  The  ovum  undergoes  partial  segmentation; 
and  the  embryo  has  its  future  ventral  surface  tum^  outwards, 
and  its  dorsal  surface  inwards.  Generally  speaking,  the  young 
insect  is  very  different  in  external  characters  from  the  adult, 
and  it  requires  to  pass  through  a  series  of  changes,  which  con- 
stitute the  "metamorphosis,"  before  attaining  maturity.  In 
some  Insects,  however,  there  appears  to  be  no  metamorphosis, 
and  in  some  the  changes  which  take  place  are  not  so  striking 
or  so  complete  as  in  others.  By  the  absence  of  metamor- 
phosis, or  by  the  degree  of  its  completeness  when  present, 
Insects  are  divided  into  sections,  called  respectively  Amttst- 
bohxy  Hcmimetabolay  and  Holometabola^  which,  though  not,  per- 
haps, of  a  very  high  scientific  value,  are  nevertheless  very  con- 
venient in  practice. 

Section  i.  A  metabolic  Insects. — These  pass  through  no  meta- 
morphosis, and  also,  in  the  mature  condition,  are  destitute  of 
wings.  The  young  of  these  insects  (Aptera)  on  escaping  from 
the  ovum  resemble  their  parents  in  all  respects  except  in  size; 
and  though  they  may  change  their  skins  frequently,  they  under- 
go no  alteration  before  reaching  the  perfect  condition,  except 
that  they  grow  larger. 

Section  2.  Hemimetaholic  Insects, — In  the  insects  belonging 
to  this  section  there  is  a  metamorphosis  consisting  of  three 
stages.  The  young  on  escaping  from  the  ovum  is  termed  the 
**  larva ; "  when  it  reaches  its  second  stage  it  is  called  the 
"  pupa,"  or  "  nymph ; "  and  in  its  third  stage,  as  a  perfect 
insect,  it  is  called  the  "imago."  In  the  Hemimeiabola^  the 
"  larva,"  though  of  course  much  smaller  than  the  adult,  or 
"imago,"  differs  from  it  in  little  else  except  in  the  absence  of 
wings.  It  is  active  and  locomotive,  and  is  generally  very  like 
the  adult  in  external  appearance.  The  "  pupa,"  again,  is  a 
little  larger  than  the  larva,  but  really  differs  from  it  in  nothing 
else  than  in  the  fact  that  the  rudiments  of  wings  have  now 
appeared,  in  the  form  of  lobes  enclosed  in  cases.  The  "pupa" 
is  still  active  and  locomotive,  and  the  term  "nymph"  is  usually 
applied  to  it.  The  pupa  is  converted  into  the  perfect  insect, 
or  "  imago,"  by  the  liberation  of  the  wings,  no  other  change 
being  requisite  for  this  purpose.  From  the  comparatively  smal 
amount  of  difference  between  these  three  stages,  and  from  th< 
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iciiK  condition  of  the  pupa,  this  kind  of  metamorphosis  is  said 
abe  "incomplete:" 

In  some  members  of  this  section,  however — such  as  the 
}ngon-fites— the  larva  and  pupa  are  aquatic,  whereas  the 
ugo  leads  an  aerial  life.  In  these  cases  (fig.  158)  there  is 
atssarily  a  considerable  difference  between  the  lar\'a  and  the 
dolt;  but  the  larva  and  pupa  are  closely  alike,  and  the  latter 
iictiv& 

Saiwit  3.  Hohmdabolk  Insicts. — These  —  comprising  the 
htteiflies.  Moths,  Beetles,  &c. — pass  through  three  stages 
iiich  differ  greatly  from  one  another  in  appearance,  the  nieta- 
wphosis,  therefore,  being  said  to  be  "  complete."  In  these 
lects  (fig.  162)  the  "larva"  is  vermiform,  segmented,  and 
taatly  provided  with  locomo- 
Tc  feet,  which  do  not  corre- 
pood  with  those  of  the  adult, 
nogli  these  latter  are  usually 
Rsentaswell  (fig.  162).  In 
me  cases  the  larva  is  desti- 
Jte  of  legs,  or  is  "  apodal," 
1m  larva  is  also  provided 
ih  masticatory  organs,  and 
mlly  eats  voraciously.  In 
bb  itage  of  the  metamor- 
boni  the  larvae  constitute 
■hit  are  usually  called  "  ca- 
ajrillars"  and  "grubs."  Hav- 
ig  remained  in  this  condi- 
on  for  a  longer  or  shorter 
:4th  of  time,  and  having 
■dergone  repeated  changes 
fikin,  or  "moults,"  necessi- 
Ued  by  its  rapid  growth,  the 
na  passes  into  the  second 
•^  and  becomes  a  "pu-  ' 
1."  The  insect  is  now  per- 
ttly  quiescent,  unless  touched  or  otherwise  irritated ;  is  incap- 
lile  of  changing  its  place  ;  and  is  often  attached  to  some  foreign 
bject     This  constitutes  what — in  the  case  of  the  Lepidoptera — 

generally  known  as  the  "chrysalis,"  or  "aurclia"  (fig.  i6»). 
Tie  body  of  the  pupa  is  usually  covered  by  a  chitinous  pellicle, 
hich  closely  invests  the  animal.  In  some  cases  {e.g.,  in  many 
lipterous  insects)  no  traces  of  the  future  insect  can  be  detected 
■■  the  pupa  by  extenial  inspection  ;  but  in  the  Lepidoptera  the 
mai  and  abdomen  are  distinctly  recognisable  in  the  pupie ; 
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whilst  in  others  (e^,,  Hymenoptera)  the  parts  of  the 
merely  covered  by  a  membrane,  and  are  quite  dii 
some  cases  the  pupa  is  further  protected  within  the 
of  the  larva ;  and  in  other  cases  the  larva — immedia 
entering  upon  the  pupa-stage  —  spins,  by  means 
organs  for  the  purpose,  a  protective  case,  which  sur 
chrysalis,  and  is  termed  the  "  cocoon." 

Having  remained  for  a  variable  time  in  the  quiew 
stage,  and  having  undergone  the  necessary  develof 
insect  now  frees  itself  from  the  envelope  which  o1 
and  appears  as  the  perfect  adult,  or  "  imago,"  chanu 
the  p>ossession  of  wings. 

Sexes  of  Insects. — The  great  majority  of  Insect 
case  with  most  of  the  higher  animals,  consists  of 
female  individuals ;  but  there  occur  some  striking 
to  this  rule,  as  seen  in  the  Social  Insects.  In  those 
communities  which  are  formed  by  Bees,  Ants,  and 
by  far  the  greater  number  of  the  individuals  whicl: 
the  colony  are  either  undeveloped  females,  or  are  < 
developed  sex.  This  is  the  case  with  the  worker 
Bees,  and  the  workers  and  soldiers  amongst  Ants 
mites.  And  these  sterile  individuals,  or  "  neuters,"  i 
commonly  called,  are  not  necessarily  all  alike  in  stn 
external  appearance.  Amongst  the  Bees,  all  the  r 
semble  one  another ;  but  amongst  Ants  and  Termite 
often  divided  into  "  castes,"  which  have  different  fu 
perform  in  the  general  polity,  and  differ  from  on 
greatly  in  their  cliaracters. 

The  organs  of  the  two  sexes  are  in  no  case  uni 
same  individual,  or,  in  other  words,  there  are  no  hem 
insects.  (In  some  abnormal  cases  amongst  Bees,  L 
&c.,  hermaphrodite  individuals  have  been  obsen 
has  been  noticed,  however,  before,  asexual  rej 
is  by  no  means  unknown  amongst  the  Insecta^  and  t 
ant  phenomena  are  often  of  extreme  interest  (i 
duction.) 

The  great  majority  of  insects,  during  their  adult 
are  terrestrial  or  aerial  in  their  habits,  but  in  many  c 
of  these,  the  larvae  are  aquatic.  Many  other  in 
habitually  during  all  stages  of  their  existence  in  fr 
A  few  insects  inhabit  salt  water  (either  the  sea  itseli 
salt  waters)  during  the  whole  or  a  portion  of  their 
(This  is  the  case  with  two  or  three  Beetles  of  th 
Hydrophilidie  and  Dytiscidoi^  some  Hemipterous  In 
the  larvae  of  various  Diptera,)      Lastly,   many  in 
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aiasitically  upon  the  bodies  of  Birds  or  Mammals,  or  upon 
)ther  Insects. 
Distribution  of  Insects  in  Time. — The  most  ancient 
mains  of  Insects  at  present  known  to  us  are  from  the  Devon- 
an  Rocks  of  North  America.  Here  occur  several  forms 
ipparently  belonging  to  the  Neurpptera  (or  Fseudo-neuropterd). 
in  the  Carboniferous  Rocks  the  remains  of  Insects  are  more 
ibundant,  and  we  find  examples  of  several  orders  (such  as  the 
^Jitoptera^  Orthoptera^  and  Neuroptera),  The  orders  Hymen- 
ittra  and  Lepidoptera  do  not  occur  till  the  Secondary  Period 
J  reached ;  and  in  the  Tertiary  Rocks  we  find  representatives 
3f  almost  all  the  existing  orders.  Amber,  which  is  a  fossil 
resin,  has  long  been  known  to  contain  many  insects  in  its 
interior  (in  certain  specimens);  and  all  of  these  appear  to 
bdong  to  extinct  species,  though  amber,  geologically  speaking, 
is  not  an  ancient  product. 


CHAPTER  XL. 

DIVISIONS    OF  INSECT  A, 

The  class  Insecta  includes  such  an  enormous  number  of 
ipedes,  genera,  and  families,  that  it  would  be  impossible  to 
treat  of  these  satisfactorily  otherwise  than  in  a  treatise  espe- 
cially devoted  to  entomology.  Here  it  will  be  sufficient  to  give 
pmply  the  differential  characters  of  the  different  orders,  draw- 
ing attention  occasionally  to  any  of  the  more  important  points 
in  connection  with  any  given  family. 

As  already  said,  the  Insecta  are  divided  into  three  divisions, 
denned  Amdabola,  Heniimetabola^  and  Ho/ometaboia,  according 
tt  they  attain  the  adult  condition  without  passing  through  a 
netamorphosis,  or  have  an  incomplete  or  complete  metamor- 
)hosis.  The  Insects  which  come  under  the  first  head  (viz., 
^mdaMa)  are  not  furnished  with  wings  in  the  adult  condition, 
ind  the  four  orders  which  compose  this  section  are  commonly 
;iouped  together  under  the  name  Aptera,  By  some,  however, 
his  division  is  entirely  rejected,  and  the  orders  in  question 
w  placed  amongst  the  Hemimetabola^  or  even  grouped  with 
lie  Myriapoda,  Indeed,  it  is  certain  that  the  orders  of  the 
o-called  Apterous  Insects  are  not,  strictly  speaking,  scientific 
ivisions.  It  is,  however,  a  matter  of  convenience  to  retain 
Km  in  a  separate  form,  as  it  is  by  no  means  absolutely 
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certain  how  they  may  most  naturally  be  distribated  an 
the  higher  ordeis. 

Sub-class  I.  Ametabola.  —  Young  fu>l  pauing  IMm 
HUiamorphosis,  and  differing  from  the  adtdt  in  site  eniy.  . 
destitute  of  wings;  eyes  simple,  somdimes  wanting. 

Order  I.  Anoplura. — Minute  Aptera,  in  whUk  the 
is  formed  for  suction  ;  and  there  are  two  simple  tyet. 

This  order  comprises  insects  which  are  commonly  ps 
upon  man  and  other  animals,  and  are  known  as  Lice 
cult).    Thecommon  Louse  (fig.  163,  a)  is  fiinushed  1 


F.£  163- 


le  KTcaily  iidarged.    (Aficr  Pj 


^k^^nd 


F.  Dixrtria  furft 


simple  eye,  or  ocellus,  on  each  side  of  a  distinctly  dil 
tiated  head,  the  under  surface  of  which  bears  a  sui 
mouth.  There  is  little  distinction  between  the  thorn 
abdomen,  but  the  segments  of  the  former  carry  three 
of  le^.  The  legs  are  short,  with  short  claws  or  mtl 
opposing  hooks,  affording  a  very  firm  hold.  The  b« 
flattened  and  nearly  transparent,  distinctly  segmented 
showing  the  stigmata  very  plainly.     The  young  pass  th 


\ 
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lorphosisy  and  their  multiplication  is  extremely  rapid. 

iminals  are  infested  by  Lice,  the  same  animal  often 

ject  to  the  attacks  of  more  than  one  species  of  Louse. 

5cies  commonly  attack  man — viz.,  Fediculus  humanus 

P,  capUiSy  and  P,  pubis ;  and  a  fourth  species  (/I 

mi)  is  of  rare  occurrence,  and  gives  rise  to  the  loath- 

»se  known  as  Phthiriasis. 

ice  are  now  very  commonly  associated  with  the 

%^   of  which   they  are  regarded  as  constituting  a  \ 

and  aberrant  group.  \ 

L  11.  Mallophaga. — Minute  Aptera,  in  which  the 
farmed  for  biting^  and  is  furnished  with  mandibles  \ 

illiB. 

embers  of  this  order  (fig.  163,  B)  are  commonly  known 
4ice,"  being  parasitic,  sometimes  upon  Mammals,  but 
3on  Birds.  They  strongly  resemble  the  Pediatii^  but 
th  is  formed  for  biting,  to  suit  their  mode  of  life —  ; 

Y  do  not  live  upon  the  juices  of  their  hosts,  but  upon 

delicate  tegumentary  appendages.  They  are  some- 
garded  as  constituting  a  degraded  group  of  the 
a, 

I  III.  CoLLEMBOLA. — Minute  Aptera^  with  a  sani- 
ry  or  suctorial  mouth  ;  t/ie  first  abdomincU  segment  fur- 
'ih  a  ventral  tube  or  suctorial  organ;  tlie  last  abdominal 
td  one  with  appendages  for  leaping, 
)rder  has  been  established  by  Sir  John  Lubbock  for 
ption  of  a  number  of  Insects  generally  known  as 
tails."  Their  scientific  name  is  in  allusion  to  the 
they  attach  themselves  to  foreign  bodies  by  a  ventral 

tube,  which  contains  a  viscous  fluid ;  whilst  their 
lame  refers  to  their  possessing  saltatory  appendages 
to  the  last  abdominal  segment  but  one.  These  ap- 
.  (fig.  163,  D  and  F)  consist  of  a  long  forked  process 

generally  bent  along  the  under  surface  of  the  body, 

there  by  a  small  catch.  When  released,  the  sudden 
I  of  the  elastic  process  throws  the  insect  into  the  air. 
^  is  covered  either  with  hairs  or  scales,  and  the  latter 
mder  the   microscope  very  elaborate   and  beautiful 

(fig.  163,  E).  They  are  generally  to  be  found  in 
xk  places  in  gardens,  or  on  the  surface  of  pools, 

commonest  genera  are   Podura^  Smynthurus,  and 

I  IV.  Thysanura. — Minute  Aptera^  with  a  mastica- 
*h;  the  end  of  the  abdomen  furnished  with  long  bristle- 
nal  appendages f  used  in  locomotion^ 


330 


MANUAL  OF  ZOOLOGY. 


The  Insects  of  this  order  are  closely  related  to  those  oi  the 
preceding,  but  the  long  anal  l^ristles  do  not  fonn  a  "  spring ;' 
and  the  mouth  is  distinctly  masticatory.  The  two  ptincipal 
genera  are  Lepisma  and  Campodea  (fig.  163,  C),  both  of  which 
live  generally  under  stones  or  in  dark  situations.  The  body 
is  hairy,  or  clothed  with  metallic  scales ;  these  latter  organs 
being  in  Lepisma  so  delicately  marked  that  they  are  com- 
monly used  as  test-objects  for  the  microscope. 

According  to  Packard,  the  Thysanura  and  CoUemMa  «t 
to  be  regarded  as  degraded  groups  of  Neuropiera,  the  former 
having  also  affinities  with  the  Myriapoda.  According  to  Sir 
John  Lubbock,  Campodea  may  be  r^arded  as  a  niodeni  re- 
presentative of  an  ancient  type-form,  from  which  the  higho 
Insects  originally  took  their  rise. 

Sub-class  II.  Hemihetabola. — Metamorphosis  ituomfldt; 
fAe  /an'a  differing  from  the  imago  chiefly  in  the  absenee  i^witpi 
and  in  size;  pupa  usually  active,  or,  if  quiescent,  eapabU  1^  mf^ 
metit.* 

Order  V,  Hemihtera  {Rhynchotd). — Mouth  suetorid^Ual- 
shaped,  consisting  of  a  jointed  rostrum,  composed  of  the  ehH^ct^ 
labium,  which  forms  a  jointed,  tubular  sheath  for  the  br'udt 
sltaped,  styliform  mandibles  and  maxilla.  Eyes  comfeund. 
usually  with  ocdli  as  well.  Trco  pairs  of  wings  in  most;  soit- 
times  wanting.    Pupa  generally  adri-c. 

The  Hemiptera  live  upon  the  juices  of  plants  or  aniimli 


Fig.  164.— Hemiptera.     Bean  Aphis  (/1jHm/i*»),  winged  male  nod  wii 

which  they  are  enabled  to  obtain  by  means  of  the  suctotiil 


*  The  CiKiida:,  amongst  Ihe  Hentiflera,  underco  a  complete  ineun(f> 
phosis.  Ill  certain  of  the  HtmipL-ra  and  Orlhopttra  ihe  luiull  is  aptefOB. 
anti  in  these  cases  there  cannol  be  said  to  be  any  metamorphosis,  sbK 
Ihe  lan-a;  differ  from  the  adult  only  in  siie,  in  having  fewer  joints  10  tl* 
e,  and  in  having  a  smaller  number  of  facets  in  each  of  Ihe  compoQ") 
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The  order  is  divided  into  the  following  three  sub^orders ; — 
Sii^rdtr  a.  Homoptera. — The  anterior  pair  of  wings  of  the 
lame    texture    throughout    (membranous) ;   the    moutli 
turned   backwards,  so  that   the    beak  springs  from  the 
lack  of  the  head.     The  wings  fold  over  one  another 
when  the  insect  is  at  rest     There  are  ocelli  between  the 
compound  eyes,  and  the  antennae  are  small  and  composed 
of  few  joints.    The  females  often  have  an  ovipositor  of 
three  toothed  blades.     In  this  section  are  the  Aphides, 
the  Scale   Insects  (Coccida),  the  Cicadas,  the  Lantern- 
flies  {Fulcra),  &c. 
Ai  typical  examples  of  the  Homoptera  may  be  taken  the 
l^iu  (&g.  165,  D),  the  males  of  which  are  well  known  for 


r».  Kij.— A,  Tkrlpi,  (hUiikI  :  B,  AWa  cimrta,  tnlarnd  i  C,  Ciciula  Ant''c«-  i^ 

aga  ibc  ricbi  lidc  of  (he  body  bcinr  omillcd ;  D,  Laivi  of  the  Hmc  ;  £,  Puiin 
immt.    (Tigi.  C,  D,  »rd  K  an  tStt  WeawBol.) 

kc«  power  of  emitting  a  musical  note  or  chirp.  The  Plant- 
oe  or  Aphides  (fig.  t6^)  live  upon  the  juices  of  jtlants,  an 
noimous  number  of  species  being  known.  They  may  possess 
*o  pairs  of  membranous  wings,  or  none,  and  they  give  birth 
» innumeiable  young  in  the  summer  months  by  a  process 
r parthenogenesis.  The  singular  Scale-msects  {Coccida)  have 
K  males  winged,  whilst  the  females  are  deformed,  often 
oleJike,  and  devoid  of  wings.  The  dried  female  of  the 
JKhineal  Insect  {Cocet/s  cadi)  constitutes  the  cochineal  of 
(XDineTce,  and  the  Co<cus  lacca  yields  shell-lac. 
Sut^nUr  b.  Hiteropiera. — Anterior  wings  membranous  near 

their  apices,  but  chitinous  towards  the  base  (hemelytra) ; 

the  rostrum  springing  from  the  front  of  the  head.    The 
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inner  margins  of  the  wings  are  straight  or  contiguoi 

The  antenme  are  moderate  in  size,  and  composed  of 

few  large  joints.     They  are  divided  into  the  two  gron; 

of  the  HydrocorUa  (Water-bugs)  and    Geotorita  (La* 

bugs),  according  as  they  are  aquatic  or  mainly  tmestri 

in  their  habits. 

Amongst  well-knovn  members  of  this  group  may  be  mei 

tioned  the  Forest-bugs  and  Fidi 

bugs  {Penlatoina,  and  its  allies),  tl 

Bed-bug    {Cimex    ledulariiu),  tt 

boat-fly  (Notoncda),  the  Water-sco 

pions  {Nepa,  fig.  165,  B),  and  th 

Water-spiders  {Hydromttra). 

Sub  -  order    e.     Tkysano^em.  - 

Mouth    with    mandibles  u 

maxillx,  furnished  with  palp 

The  wings  with  few  or  no  no 

vures,  fringed.       In  this  sat 

order  are  only  the  litde  insect 

which  fonh  the  genus  Tkf^ 

(tig.  165,  A),  and  some  allie 

forms.     They  live  upon  plant 

and  differ   from    the   tv-pia 

H(miplcra  both    in  the  strut 

tiire  of  the  wings,  and  in  th 

fact  that  the  beak-like  rosuuc 

really  conlains  palpate  niand 

bles  and  maxillie. 

Order    VI.     Orthoptera.- 

Mouth    masticatory ;     wings  Jn 

sometimes  wanting  ;  the  anteri&r  fn 

mostly   smaller    than    the  posterity 

semi-coriaeeous  or  leathery,  usnaH 

with  numerous  nervures,  the  inte 

spaces  between  which  are  filled  wit 

many  transverse  reticulations ;   sometimes    overlapping  hoi 

zontally  (Cockroach),   sometimes  meeting  like  the  roof  of 

house  (drasshoppers).     Posterior  wings  usually  haling  tie 

front  portion  of  a  different  texture  from  their  hinder  portion,  tfc 

latter  being  almost  always  more  transparent,  and  v-hen  * 

in  use  folded  longitudinally  like  a  fan.     Posterior  wings  ofw 

wanting  in  the  females  of  the  Blattida.      Antennte  usuall 

filiform.     Metamorphosis  semi  -  incomplete  (sometimes,  hoi 

ever,  the  adult  is  apterous,  when  it  becomes  almost  impossibi 

to  distinguish  the  larva,  pupa,  and  imago). 


-Orlhoplera.    I'hc  con 
ckroaeS  iRUIta  sricvl, 
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rdtr  includes  a  number  of  well-known  insects,  most 
ire  vegetable-feeders.  Some  of  the  Orthoptera,  such 
ckroaches  {Blattida,  lig.  166)  have  slender  lef;s,  and 
cd  for  running  {cursorial).  Others  are  suited  for 
ind  are  said  to  be  gresiorial.     Amongst  these  are  the 

with  their  great  raptorial  front-legs,  and  the  singular 
Leaves  and  Stick-insects  (the  Phasmida).  Others, 
;  saltaiorial,  having  the  hind -legs  elongated  and 
fijr  leaping.  In  this  section  are  the  Crickets  and 
kets  {Gryllida  or  Achetidtt),  and  the  Grasshoppers 
tts  {Acridiida  and  Locustida).     The  Saltatory  Ortho- 

alL  vegetable 'feeders,  and  whilst  many  of  them 
:rious  depredations  upon  green  crops  and  grass,  the 


.  16;.— Migiaiory  L(i<:iisi'(t£i/i>Wi/ii 


Fthe  Migratory  Locust  {(Edtpeda  migraloria,f\%.  167) 
)  respect  unrivalled.  Finally,  there  is  a  small  section 
rifwpiera,  which  includes  the  Earwigs  {FoTficuUda), 
h  has  been  raised  to  the  rank  of  a  distinct  order 
B  name  of  EupUxoptera.  In  this  group,  the  last 
of  the  abdomen  carries  a  pair  of  nippers,  and  the 
■rings  are  very  short,  the  posterior  wings  are  mem- 
and  are  folded  up  both  longitudinally  and  trans- 
eing  useless  for  flight. 
VII.  Neuroptera  (Odonata). — Mouth  usually  nias- 
a'ings,  four  in  number,  all  memlrranous,  generally 
tal  in  sise,  traversed  by  numerous  delicate  nervurcs,  hav- 
ptudinai  and  transverse  direction,  and  giving  them  a 
',  laa-!ike  aspect.  Metamorphosis  generally  incomplete, 
npUte,     The  larva  active,  hexapod,  the  pupa  active  or 

der  Neuroptera  includes  a  number  of  Insects  which 
fereat  in  their  characters,  habits,  and  metamorphoses, 
ate  sometimes  placed  in  three  separate  and  special 
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groups.  The  first  section  includes  what  may  be  termed  nor 
mal  Neuropiera^  such  as  the  Ant-lions  {Myrm€ieofUida\  tlw 
Aphis-lions  (Hemerobiida^  fig.  i68),  the  Scorpion-flies  (Fmm 

pida),  2Jid  Xh^  Sialida.  Th< 
second  section  includes  th( 
Dragon  -  flies  {Ubeilulidd) 
the  May-flies  {Epkemenda) 
the  Stone-flies  {Perlida\  th( 
White  Ants  {Termitidal  m 
some  less  important  families 
These  are  often  placed  in 
the  Orthoptera^  under  the 
common  name  of  Pwdo^ 
neuroptera.  Lastly,  we  have 
a  section  sometimes  elevated 
to  the  rank  of  a  distinct  or 
der  under  the  name  of  Trick 
optera^  for  the  reception  ol 
the    singular     Caddis  -  flic 

Fig.  i68.-Neuroptera.    Aphis-lion  (CArr*/./tf    (PhryZatuidct).    In  thisCTOUl 
perla),  imagu,  larva,  and  eggs.  ^  ^^      .  ',  o      • 

the  anterior  wings  are  gener 
ally  hairy,  the  mandibles  are  rudimentary,  the  larva  usuall) 
resides  in  a  case  formed  of  small  foreign  bodies,  and  the  pupj 
is  inactive  during  the  greater  part  of  its  life. 

Amongst  the  more  remarkable  of  the  Neuroptfra  are  the  so-^idlf 
*•  White  Ants"  or  Termites,  a  brief  description  of  which  may  be  ^ye 
here.  The  Termites  are  social  insects,  living  in  organised  communitie 
and  they  are  mostly  inhabitants  of  hot  countries.  (It  must  be  borne  i 
mind  that  though  often  called  "White  Ants,"  they  stand  in  no  relatioot 
the  true  Ants. )  Mr  Bates  has  given  us  an  excellent  description  of  tl 
habits  of  these  singular  insects,  from  which  much  of  what  foUows  has  bee 
taken. 

Termites  are  small,  soft-bodied  insects,  which  live  in  large  communitie 
as  do  the  true  Ants.  They  differ,  however,  from  the  Ants  in  the  &cl  tk 
the  workers  are  individuals  of  no  fully-developed  sex,  whereas  amongst  tl 
latter  they  are  undeveloped  females.  Further,  the  neuters  of  the  Tennit 
are  always  composed  of  two  distinct  classes  or  "castes  " — the  workefSM 
the  soldiers.  Justly,  the  Ants  undergo  a  quiescent  pupa>stage  ;  where 
the  young  Termites,  on  their  emei^ence  from  the  egg,  do .  not  difo  fro 
the  adult  in  any  respect  except  in  size. 

Each  species  of  Termites  consists  of  several  distinct  orders  or  cub 
which  live  together,  and  constitute  populous,  organised  commnmlM 
They  inhabit  structures  known  as  "Termitaria,"  consisting  of  moa 
or  hillocks,  some  of  which  are  "five  feet  high,  and  are  formed  tk  p 
tides  of  earth  worked  into  a  material  as  hard  as  stone. "  The  Tennitun 
has  no  external  aperture  for  ingress  or  egress,  as  far  as  can  be  seen,  the  < 
trance  being  placed  at  some  distance,  and  connected  with  the  cent 
building  by  means  of  covered  ways  and  galleries.  Each  Tennitarinn 
compo^  of  "a  vast  number  of  chambers  and  irregular  intercomminuc 
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■itllwwork  of  manj  dist 

olf  rompacted,  and  keeps  k 
Alimily  orTenniles  consis 
<f iIk  uldien.     According  t< 


MS,  each  of  which  lUcs  nialeriali  difler- 
own  portion  of  Ibe  tumulus." 
'  a  king  an<l  queen,  of  the  vorkers,  and 
e  researches  of  Lespi;!-,  Bales,  and  Frilz 


.    n.Kinit,  before  iht  wing,  nr 


JJiDtr,  Ihe  worker  and  soldiers  amongst  the  Termites  are  not  sterile 
nolti.  but  mtdijitd  larv/r,  which  belong  to  both  sexes,  an<l  ore  arresceil 
>■  Ibeir  development  (or,  rarely,  males  and  femnln  in  which  the  repnxluc- 
■<*  Drgaos  are  Tudimenlary).     Fritz  Miiller  has  further  discovered  that, 

■  iddiiioo  lo  Ihe  winjjed  males  and  females  which  are  periodically  ]iro- 
nwd  in  great  numbers,  there  exists  in  !nme,  if  not  in  all,  of  the  species  a 
Wnd  icl  of  males  and  females,  which  are  destitute  of  win};s.  These 
oqilenicntanF  males  and  females  never  leave  the  termitary  in  which  ihey 
•nbom;  and  Ihey  may  take  the  place  of  the  winged  males  and  females 
•Jmever  a  community  fails  to  secure  a  royal  couple  at  the  proper  period. 
Tie  royal  couple  are  the  parents  of  the  colony,  and  "  are  always  kept  to- 
rtber,  closely  guarded  by  a  detachment  of  workers,  in  a  large  chamber  in 
Ac  my  heart  of  the  hive,  surrounded  by  much  stronger  walls  than  the 
4lkr  cells.  They  are  both  wingless,  and  immensely  laqjer  than  the 
*»rkm  and  lotdiers.     The  queen,  when  in  her  chamber,  is  always  found, 

■  I  grairid  condition,  her  abdomen  enormously  distended  nith  tgg^. 
*Udi,  as  fast  aa  they  come  forth,  are  conveyed,  by  a  relay  of  workers,  in 
Wr  aonthi,  froin  Ihe  loyat  chamber  lo  the  minor  cells  dispersed  through 
ftelwe." 

At  Ifae  banning  of  the  rainy  season  a  number  of  winged  males  and 
ivilu  uc  jmxlnced,  which,  when  they  arrive  at  maturity,  leave  the  hive, 
Mdflf  abrnad.  They  then  shed  their  wings  (a  special  provision  for  this 
■Wag  in  a  natural  team  running  across  the  root  of  Ihe  wing  attd  dividing 
kaenmrc*};  they  pair,  and  then  become  Ihe  kings  and  queens  of  future 

Hie  workera  and  Ihe  soldiers  are  distinct  from  the  moment  of  iheir 
«  ftom  (he  teg.  and  they  do  not  acquire  their  special  characleris- 
c  ofiuiy  diBerence  of  food  oi  "      "        -      ■"  ■■ 
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less,  and  they  differ  solely  in  the  annature  of  the  head.  The  duties  oi 
workers  are  to  *'  build,  make  covered  roads,  nurse  the  young  brood ; 
the  egg  upwards,  take  care  of  the  king  and  queen,  who  are  the  pro| 
tors  of  the  whole  colony,  and  secure  the  exit  of  the  males  and  females  i 
they  acquire  wings,  and  fly  out  to  pair  and  disseminate  the  race.** 
duties  of  the  soldiers  are  to  defend  the  community  from  all  attacks  n 
may  be  made  upon  its  peace,  for  which  purpose  the  mandibles  axe  gt 
developed. 

Sub-class  III.  Holometabola. — MetamorpJwsis  compk 
the  lariHi^  pupa^  and  ifnago  differing  gre€Uly  from  one  am 
in  external  appearance.  T/ie  larva  vernuform^  and  the  / 
quiescent. 

Order  VIII.  Aphaniptera.  —  Wings  rudimentary^  in 
form  of  scales^  situated  on  the  mesothorax  and  metathc^ 
Afouth  suctorial,     Metamorplwsis  complete. 

This  order  comprises  the  Fleas  {Fulicida\  which  are  p 
sitic  upon  different  animals.  The  larva  of  the  common  1 
{I^ilex  irritansy  fig.  170)  is  an  apodal  grub,  which  in  al 


Fig.  17a  — A,  The  common  Flea  {Pultx  irritans) :  B.  Larva  of  the  same ;  C.  Pap 
the  same.     All  the  figures  are  greatly  magnified.     (After  Westwood.) 

twelve  days  spins  a  cocoon  for  itself,  and  becomes  a  quiesc 
pupa,  from  which  the  imago  emerges  in  about  a  fortni 
more. 

The  Chigoe  or  Sand-flea  {Sarcopsylla  penetrans)  of  the  tr 
cal  parts  of  America,  is  a  more  serious  pest  than  the  comB 
Flea.  It  is,  however,  only  a  parasite  as  regards  the  imp 
iiated  females ;  the  males,  unimpregnated  females,  and  U 
leading  a  free  existence.  The  impregnated  females,  howc 
bore  their  way  through  the  skin  of  the  foot  in  the  human  ! 
ject,  and  live  there  till  tliey  assume  the  size  of  peas,  by 
distension  of  the  abdomen  with  eggs,  often  occasioning  gi 
local  irritation  and  inflammation.  They  also  live  beneath 
skin  of  mice  and  dogs. 

Many  authorities  regard  the  Aphaniptera  as  a  degraded  gr 
of  the  Diptera. 
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Order  IX.  Diptera. — The  anterior  pair  of  wings  alone 
iadoped;  the  posterior  pair  of  wings  rudimentary^  represented 
kf  a  pair  of  dttbbed  filaments^  called  "  halieres^'  or  "  balancers  *' 
(fig.  171).  In  a  few  the  wings  are  altogether  wanting.  Mouth 
SMctmal.  The  metamorphosis  is  complete^  the  larvce  being  gener- 
tUy  destitute  of  feet ;  but  in  some  cases  (e.g.,  the  gnats)  the  pupce 
in  aquatic  and  are  actively  locomotive.  In  most  cases ^  however, 
tk  pupa  are  quiescent. 

The  proboscis  in  the  Diptera  consists  of  a  tubular  labium 
enclosing  the  other  parts  of  the  mouth,  and  is  placed  on  the 
under  surface  of  the  head.  Ocelli  are  present  in  addition  to 
tiie  compound  eyes.  The  wings  are  generally  horizontal  and 
transparent,  the  nervures  not  very  numerous,  and  for  the  most 


Fig;  X7X.— Diptera.    Crane-fly  {Tipula  oleraced). 

IKt  longitudinally  disposed.  The  antennae  are  generally 
■ttU  and  three-jointed  {Brachycera),  sometimes  many-jointed 
iPpulid(B\  or  feathery  (Culicida),  The  larva  is  soft  and  fleshy, 
^■rith  a  soft  indistinct  head,  usually  apodal,  never  with  thoracic 
Vm  and  rarely  with  pro-legs.  The  larval  skin  mostly  forms  a 
^Bdened  case  for  the  pupa,  but  the  larvse  sometimes  cast 
4cir  skin  when  becoming  pupse,  or  even  spin  cocoons.  In 
^*e  section  of  the  Diptera,  hence  termed  Pupipara^  the  larvae 
iCgntmue  to  reside  within  the  mother  until  they  are  just  ready 
'  ^become  pupae,  and  they  are  bom  in  a  form  closely  resem- 

Y 
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bling  the  ordinary  pupae  of  the  members  of  the  order.  Ii 
Hessian  Fly  (Cecidomyia)  the  larva  produces  asexual 
number  of  secondary  larvae,  which  are  developed  withii 
body  of  the  primitive  larva,  and  feed  upon  its  tissues,  ultim 
causing  its  death. 

The  Diptera  constitute  one  of  the  largest  of  the  orde 
the  Insecta,  Amongst  the  more  important  forms  include 
this  division  may  be  enumerated  the  House-flies,  Bluebo 
and  Flesh-flies  {Muscida) ;  the  Gnats,  Midges,  and  Mosq 
{Culidda)]  the  Bot-flies  (ffij/f^^?);  the  Gad-flies  ( 72j^« 
the  Forest-flies  and  Sheep-ticks  {Hippoboscidc^ ;  and  the  C 
flies  (Tipulida). 

Order  X.  Lepidoptera. — Mouth  suctorial^  consisting 
spiral  trunk  or  "  antlia^'*  composed  of  the  greatly-elongated  ma: 
and  protected^  when  not  in  use,  by  the  cushion-shaped  hairy  I 
palpi.  Maxilla  forming  two  sub-cylindrical  tubes,  united  to^ 
by  inosculating  hooks,  and  constituting  an  intermediate  tube  by 
junction.  Maxillary  palpi  minute ;  labrum  and  mandibles 
mentary.  Head,  thorax,  and  abdomen  more  or  less  covered 
hair,  IVings,  four  in  number,  co7>ered  with  modified  hat 
scales  ;  wanting  in  the  females  of  a  few  species.  Nenmn 
very  numerous,  mostly  longitudinal,  Antennce  composed  of  m 
ous  minute  joints. 

This  well-known  and  most  beautiful  of  all  the  ordc 
Insects  comprises  the  Butterflies  (fig.  172)  and  the  Mothi 
173)  f  ^^c  former  being  diurnal  in  their  habits,  the  latter  n 
crepuscular  or  nocturnal. 

The  larvae  of  Lepidoptera  (fig.  172),  commonly  called  "< 
pillars,*'  are  vermiform  in  shape,  normally  composed  of  thi 
segments,  the  first  of  which  forms  a  distinct  homy  head, 
antennae,  jaws,  and  usually  simple  eyes.  The  mouth  c 
caterpillar,  unlike  that  of  the  perfect  insect,  is  formed  for 
tication.  The  labium,  also,  is  provided  with  a  tubular  < 
— the  "spinneret" — which  communicates  with  two  int 
glands,  the  functions  of  which  are  to  furnish  the  silk,  ir^ 
the  animal  constructs  its  ordinary  abode  or  spins  its  co 
The  three  segments  behind  the  head  correspond  with  the 
thorax,  mesothorax,  and  metathorax  of  the  perfect  insect 
each  carries  a  pair  of  jointed  walking-legs.  Besides 
thoracic  legs,  there  is  a  variable  number  (generally  five  ] 
of  soft  fleshy  legs,  which  are  borne  by  the  segments  c 
abdomen,  and  are  known  as  "pro-legs."  Each  is  usual! 
nished  with  a  crown  of  small  homy  hooks,  and  they  are 
attached  to  the  4th,  5th,  loth,  and  nth  segments  behin 
head  (/>.,  to  the  ist,  2d,  7  th,  or  8th  abdominal  segments 
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In  the  Diurnal  Lepidoptera,  or  Butterflies  proper  (fig.  171), 
ihe  aatemuc  are  knobbed  (hence  the  name  of  RlKpalocera  often 


,— LnjSe  While  Citlibl«e  Buiirrfly  iPiirit  Btaii 


giren  to  the  group)  ;  the  wings  are  usually  held  erect  when  the 

insect  is  in  a  state  of  repose  ;  the  larv^  have  six  thoracic  legs, 

ind  ten  pro-legs ;  and  the  pupse  are  always  naked,  attached 

by  the  posterior  extremity,  or  head  downwards,  and  usually 

ugalar. 

In  the  Crepuscular  Lepidopttra,  including  those  forms  which 

;'    ite  active  during  the  twilight,  the  antenna    are  fusiform,  or 

'-__    gnw  gradually  thicker  from  the  base  to  the  apex ;  the  wings 

-.    He  horizontal  or  a  little  inclined  when  the  insect  is  at  rest ;  the 

;.    posterior  wings  generally  have  their  front  margins  furnished 

.    lidi  2  rigid  spine  ("retinaculum")  which  is  received  into  a 

kook  on  the  under  surface  of  the  anterior  wings  ;  and  the  pup^e 

;    ne  never  angular. 

The  Nocturnal  Lepidopiera  have  the  antennae  setaceous,  or 
^  fiminishing  gradually  from  the  base  to  the  apex,  often  serrated 
'■  flr  pectinated  (fig.  173);  the  wings  in  repose  are  horizontal  or 
^  deflexed,  and  the  hind-wings  are  often  furnished  with  a  "  retin- 
-  •admn,"  as  in  the  preceding  section ;  the  pupje  are  mostly 
.  Bnoth,  sometimes  spiny,  and  often  enclosed  in  a  cocoon. 
The  two  groups  of  the  Crepuscular  and  Nocturnal  Lepidoptera 

r^tK  often  included  in  a  single  division,  under  the  name  of 
Btteracera.     It  is  to  be  remembered  that  many  members  of  the 
■^  Koctunial  diviuon  of  the  order,  though  they  would  ordinarily 
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be  called  Moths,  are  active  during  the  day,  and  in  this  respi 
resemble  the  tnie  Butterflies. 

Order  XI.  Hymknoptera. —  Wings  four,  membranous,  w. 
few  nervures  ;  sometimes  absent.     Mouth  always  provided  wi 


.— Gou-nHth  (Caata  lignlferda)  and  Caurplbr. 


biting-jaws  or  mandibles  ;  the  maxilla  and  labium  generally  m 
verted  into  a  suctorial  organ.  Females  having  the  extreiaiji 
the  abdomen  furnished  with  an  ot'tpositor  (lerebra  or  aeuleus),m 
sisting  generally  of  five  or  six  pieces,  of  which  the  two  outer fm 
a  proleclive  sheath.  Besides  the  compound  eyes,  there  n 
usually  three  ocelli  placed  on  the  top  of  the  head.  The  *i 
tennffi  are  generally  filiform  or  setaceous.  The  metamoiiJiOB 
is  complete,  but  the  various  parts  of  the  pupa  are  visible  thimg 
the  delicate  enclosing  membrane.  The  larvje  ace  sometiiw 
provided  with  feet,  and  live  on  vegetable  food  (as  in  the  ft 
thredinidm,  fig.  174);  but  they  are  are  mostly  footless,  withgi 
a  distinct  head,  and  fed  by  the  adult. 

The  Hymen(^iera  form  a  very  extensive  order,  compiini 
the  Bees,  Wasps,  Ants,  Ichneumons,  Saw-flies,  &c  The  W 
jK>sitor,  which  is  characteristic  of  the  females  of  this  oidet, 
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vet;  commonly  modified  so  as  to  constitute  i 
bonng  otffOi  (terehv),  or  a  sting  {atuleus). 
As  regards  the  principal  groups  of  the  Ilymmoptera,  the 


r%.  i74.-^ooAebcrrf  SaW'dy  (TVqMnft/iTfTvuv/anf).  Iim,  pupa,  uid  iDUfo. 


Siir-flies  {Tentkrettintda  and  SirUida)  form  a  very  natural  sec- 
tion,  which  is  often  spoken  of  as  that  of  the  Terebrantia,  as  the 
faaales  have  the  ovipositor  converted  into  a  saw  or  borer. 
He  larrx  of  the  Saw-flies  feed  upon  vegetable  matter,  and 
htre  pro-legs.  Another  important  group  is  that  of  the  Gall- 
fid  {fynipida),  all  of  which  lay  their  eggs  in  the  soft  tissues 
of  pUots  (generally  the  leaves).  The  resulting  "galls"  are 
ibe  to  the  abnormal  cell-growth  excited  locally  in  the  plant  by 
the  irritation  caused  by  the  puncture  of  the  mother's  ovipositor 
B  deporting  the  eggs.     The  larvse  are  footless.     In  the  allied 

np  of  the  Ichneumons  {Ichneumonidix\  the  larvfe  are  also 
CM,  and  the  eggs  are  deposited  by  the  females  in  the  larv^ 
or  pope  of  other  insects,  upon  whose  tissues  the  young  support 
Aanelves  after  hatching.  All  the  other  Hymmoptfra  have 
I  dK  ovipositor  of  the  female  converted  into  a  sting  (not  always 
'  Ae  case  in  the  Ants),  and  they  may,  therefore,  be  grouped 
logedier  under  the  c(»nmon  title  of  Aculeata.    The  principal 


342  MANUAL  OF  ZOOLOGY. 

families  included  under  this  name  are  the  Ants  {FormiddA 
the  Wasps  (Vespida)^  the  Hornets  {Crabronida)^  Bees  (Apida 
and  the  Bumble-bees  (Bombidci). 

Amongst  the  Hymenoptera  we  find  social  communities,  in  many  respec 
resembling  those  of  the  Termites,  of  which  a  description  has  already  bo 
given.  The  societies  of  Bees  and  Ants  are  well  known,  and  merit  a  she 
description. 

The  social  Bees,  of  which  the  common  Honey-bee  {Apis  meUiJua)^  b 
familiar  an  example,  form  organised  conmiunities,  consistmg  of  three  class 
of  individuals — the  males,  females,  and  neuters.  As  a  rule,  each  comm; 
nity  consists  of  a  single  female — "  the  queen  " — and  of  the  neuters,  ( 
''workers."  The  impregnation  of  the  female  is  effected  by  the  prodnctio 
of  males,  or  '*  drones,"  during  the  summer.  After  impregnation  has  bee 
effected,  the  drones,  as  being  then  useless,  are  destroyed  by  the  woricers 
The  eggs  produced  by  the  fecundated  queen  are  mostly  intended  to  grn 
origin  to  neuters,  to  which  end  they  are  placed  in  the  ordinary  cells.  TIm 
ova  which  are  to  give  origin  to  females — the  **  queens  "  of  fsture  colome 
— are  placed  in  cells  of  a  peculiar  construction,  and  the  larvse  are  fed  b] 
the  workers  with  a  special  food.  The  ova  which  are  to  produce  males  as 
likewise  placed  in  cells,  which  are  slightly  larger  than  those  allotted  to  th 
workers.  It  is  asserted,  however,  that  this  is  not  the  sole  or  true  cause  o 
the  production  of  the  males ;  but  that  the  ova  which  are  intended  to  pfo 
duce  drones  arc  not  fertilised  by  the  female  with  the  semen  which  she  ba 
stored  up  in  her  spermatheca,  and  are  therefore  produced  by  a  process  o 
parthenogenesis.  That  the  males  are  produced  parthen<^enetically  i 
some,  at  any  rate,  of  the  Hymenoptera,  appears  to  nave  been  placed  be 
yond  a  reasonable  doubt  by  the  researches  by  Von  Siebold.  (See  Inin 
duction.) 

In  the  Humble-bees  (Bombida\  and  in  the  Wasps  ( VespiJa),  we  b« 
societies  essentially  the  same  as  in  the  Honey-bee.  In  a  large  comnunut 
of  Wasps,  or  **  vespiary,"  there  may  be  several  hundred  females,  of  wbk 
few  survive  the  winter,  and  live  to  found  fresh  colonies  next  spring.  Tk 
number  of  males  is  about  eaual  to  that  of  the  females,  but,  unlike  tl 
drones  of  the  Bees,  the  males  work  actively  and  defend  the  nest  / 
amongst  the  Bees,  solitary  species  are  not  uncommon. 

The  Ants  {Fomiicidce)  likewise  form  commimities,  consisting  of  inile 
females,  and  neuters  (fig.  175).  The  males  and  females,  as  we  have  sec 
in  the  case  of  the  Termites,  are  winged,  and  are  produced  in  great  mn 
hers  at  a  particular  period  of  the  year.  They  then  auit  the  nest  and  pai 
after  which  the  males  die.  The  females  then  lo.se  tneir  wings  and  M  < 
the  ground,  when  they  become  the  queens  of  fresh  societies.  In  sob 
Ants,  as  in  the  Termites,  the  neuters  are  divided  into  two  classes— tl 
workers  and  the  soldiers — of  which  the  former  perform  all  the  duties  nece 
sary  for  the  preservation  of  the  society  except  defending  the  nest,  this  beii 
left  to  the  soldiers.  In  other  cases,  as  many  as  three  distinct  orden  < 
"castes  "  of  neuters  may  be  present  in  the  same  nest. 

Amongst  the  more  singular  of  the  habits  and  instincts  of  Ants  two  iw 
be  mentioned — the  instinct  of  making  slaves,  and  that  of  milking,  sot 
speak,  the  little  Plant-lice  {Aphides),  As  regards  the  first  of  these,  it 
found  that  certain  Ants  possess  the  extraordinary  instinct  of  capturing  tl 
pupae  of  other  species  of  Ants,  and  bringing  them  up  as  slaves.  Tl 
relations  between  the  master  and  the  slaves  vary  a  good  deal  in  difiefC 
species.  In  the  case  of  Formica  ru/escms,  for  instance,  the  masters  t 
entirely  dependent  upon  their  slaves ;  the  males  and  females  do  nothi 
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ocept  leprodociiig  the  species,  and  the  neuters  perform  no  other  labour 
except  that  of  capturing  fresh  slaves.  The  masters  are  in  this  case  unable 
even  to  feed  themselves^  and  their  existence  is  maintained  entirely  by  the 
devotion  of  the  slaves.     In  Formica  sanguinea^  on  the  other  hand,  the 


Fi(.  175. — Red-Ant  {Myrmica  nt/a).    a  Winged  male ;  b  Wingless  neuter. 

Much  magnified. 

Bomber  of  slaves  is  much  less,  and  both  masters  and  slaves  occupy  them- 
kItcs  in  performing  most  of  the  duties  necessary  for  the  community.  The 
Bisters,  however,  go  alone  when  on  slave-making  expeditions ;  and  in  case 
of  a  migration,  the  masters  carry  the  slaves  in  their  mouths. 

A  second  singular  fact  in  the  history  of  Ants  is  found  in  the  relations 
which  subsist  between  them  and  the  Aphides^  or  Plant-lice.  The  Aphides 
Moete,  or  rather  excrete,  a  peculiar  viscid  and  sweet  liquid,  by  means  of 
agbnd  which  is  situated  towards  the  extremity  of  the  abdomen,  and  com- 
Bonicates  with  the  exterior  by  two  tubular  filaments.  Ants  are  extremely 
ibod  of  this  excretion,  and  it  is  a  well-established  fact  that  the  Aphides 
alloir  ^emselves  to  be  milked,  as  it  were,  by  the  Ants.  For  this  purpose 
tbe  Ant  touches  and  caresses  the  abdomen  of  the  Aphis  with  its  antennae, 
iriKreopon  the  latter  voluntarily  exudes  a  drop  of  the  coveted  fluid. 

The  belief  that  our  European  Ants  stored  up  grain  for  winter  consump- 
tion, though  generally  asserted  by  the  ancients,  has  been,  until  recently, 
^credited  by  scientific  observers,  upon  the  ground  that  our  Ants  are 
boim  to  be  carnivorous  in  their  habits.  Mr  Moggridge  has,  however, 
ncently  shown  that  there  are  exceptions  to  this  rule,  and  that  some  of  the 
Ants  of  the  south  of  Europe  (such  as  some  of  the  species  of  Attd)  not  only 
ttt  vegetable  food,  but  leally  execute  the  feats  imputed  to  them  by  the 
oU  writers.  They  do,  namely,  store  up  a  provision  of  grain  for  the  winter, 
iod  they  prevent  this  from  germinating  by  gnawing  the  radicle. 

Order  XII.  Strepsiptera. — Females  without  wings  or  feet, 
farasitic.  McUes  possessing  the  posterior  pair  of  wings^  which 
9re  large^  membranous ^  and  folded  longitudinally  like  a  fan. 
The  anUrior  pair  of  wings  rudimentary^  represented  by  a  pair  of 
tingular  twisted  organs.    Jaws  rudimentary. 

The  Strepsiptera  constitute  a  small  order,  which  includes 
ttrtain  parasites  of  minute  size,  found  on  Bees  and  other 
Symmoptera.  The  female  is  a  soft  vermiform  grub,  without 
6et  or  wings,  but  with  a  homy  head,  which  it  protrudes  from 
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the  abdominal  segments  of  its  host    The  \amt  are  activi 

and  possess  six  feet;  whilst  the  males  {fig.  i76)arewii^ 

and  fly  about  with  great  activity. 

The  SirepsipUra  are  now  very  generally  regarded  as  an  an< 

malous  and  degraded  group  of  the  CoUoptera. 

Order  XIII.  Coleoi 
TERA. — Mouik  mattiaaery 
furnished  v/Uh  an  u^trUi 
or  labnim,  two  maiidiih, 
two  maxilla,  with  rnoMll 
ary  palpi  (gmeraUy  fair- 
joined),  and  a  wwM 
louver  lip  or  labium,  wilt 
two  joinled  labial  palfi. 
The  four  wings  art  tunaO} 
present,  and  the  an&nm 
pair  are    not   ade^Ud  j» 

„.     ^    _       ,  „   ,     „      ..        ,    fiiglflt  but  are  hardmd  h 

Fig.  176.— SinpapleTa.  SltMiS*tncii,areal\y  ■',*-.-  ,      ,         .  jl 

iMgnlfiiS{afttr  iQwoSdT  chittne,  so  as  to  form  pnUt 

five  cases  (efy/ra)  for  Ik 
posterior  wings  (fig.  177).  T/ie  inner  margins  of  the  etftn 
are  generally  straight,  and  when  in  contact  they  form  a  kn^ 
Ittdinal  suture.  The  posterior  wings  are  membranous,  a* 
w/ten  not  in   use  are  folded  transversely   beneath   the  efytn 


CockchaTer  {.Vclpbrnlim  nUariil 


(.\mongst  deviations  from  this  state  of  parts  may  be  mw 
tioned  the  occasional  absence  or  rudimentary  condition  c 
the  hinder  wings,  the  soldering  together  of  the  elytra,  the  so' 
and  yielding  condition  of  the  elytra,  or  the  absence  of  bot 
elytra  and  wings.)  The  eyes  are  always  compound,  general! 
circular,  oval,  or  reniforra,  but  sometimes  completely  divide* 
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The  antemue  arc  extremely  variable  in  form,  generally  of 
deven  jmnts,  sometitnes  of  fewer,  rarely  of  twelve  or  more. 
Tie  thorax  is  composed  of  a  pro-  meso-  and  meta-thorax,  but 
riien  the  elytra  are  closed,  only  the  prothorax  and  a  little 
pUle  {"  scutellum  ")  belonging  to  the  meso- 
feffax  are  visible.  The  tarsus  is  generally 
Mniposcd  of  five  joints,  sometimes  fewer, 
never  more,  and  its  last  joint  is  usually 
rnmished  with  two  hoolced  claws. 

The  larvae  of  CoUoptera  ate  generally 
composed  of  thirteen  segments,  including 
llie  head.  The  body  is  generally  soft  and 
Aohy,  the  head  homy,  and  the  mouth 
idijtted  for  mastication.  The  antennae  are 
fflall,  usually  of  three  or  four  joints,  with 
«tlli  at  their  base.  They  have  three  pairs 
c'l^  attached  to  the  thorax,  and  rarely 
»m1  pro-legs  or  fleshy  tubercles  ;  or  they 
Bay  be  devoid  of  feet  The  pupa  is  some- 
times enclosed  in  a  cocoon,  and  the  parts 
of  the  perfect  insect  are  always  distinctly 
lecognisable  in  the  pupa. 

The  order  Cdeoptera  includes  all  those 
naects  commonly  known  as  "  Beetles,"  and 
comprises  an  enormous  number  of  genera  and  species.     They 
m  remarkable,  as  a  general  rule,  for  their  hard  polished  integ- 
tment,  their  glittering,  often  metallic  colours,  and  their  vora- 
<^  habits. 

Tbe  order  Caleoplfra  yns  divided  by  Latrellle  into  four  sections,  in 
■mrdance  with  the  number  of  Ihe  joints  in  Ibe  tani;  and  though  the 
'Billing  ATTangement  is  not  strictly  natural,  this  class itication  is  generally 
^^towed.     The  four  sectiotis  founded  bji  Lalieille  are  :— 

r.  Tk  I  HERA. —Tarsus  ihree-joinled.     Ex.  Lady-birds  (Ceccitttaida). 

l  Tetrakkra.— Taraus  four-jointed.  Ex.  The  Longicorn  Beetles 
(Leii^ermiCi,  the  Weevils  fJHiynckopkanij,  &c. 

1  Hetbkoiiera.— Tarsus  of  the  two  anlerior  pairs  of  legs  live-jointed, 
of  ihe  posterior  pair  four-jointed.  Ex.  The  Blister  Beetles  {Can- 
liaridir],  and  the  great  family  of  the  TituiriaHiiia, 

4-  Pest  All  EK  A.— Tarsus  five-joinled  in  all  the  legs.  Ex.  Soldier- 
beetles  (TAfiAnnu),  Glow-worm  {Lamfyris),  the  Etattrida  (Ihe 
larrx  known  as  "  wiie- worms "),  Ihe  beautiful  Biiprestida,  the 
great  group  of  the  Laniellicom  Beetles  (such  as  the  Slag-beetle, 
ockchafer.  Dung-beetle,  &c.),  the  Burying  beetles  {NecrBphor    ' 


beetle*  (CorsAu!^,  and  the  Tiger-beeUes  {Cicindtlidir). 
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CHAPTER   XLI. 


SUB-KINGDOM  MOLLUSC  A. 

•KINGDOM  MoLLUSCA. — ^Thc  Mollusca  may  be  defined  as  in- 

ing  soft-bodied,  unsegmented  animals,  which  are  usually 

ided  with  an  exoskeleton.    The  intestinal  canal  is  bounded 

ts  own  proper  walls,  and  is  completely  shut  off  from  the 

visceral  cavity.     The  alimentary  canal  is  situated  between 

haemal  system,  which  lies  dorsally,  and  the  neural  system, 

ii  is  situated  towards  the  ventral  aspect  of  the  body.     The 

'ous  system  (fig.   179) 

3  highest  development 

asts  of  three  principal 

^  which  are  reduced 

ae  in  the  lower  forms. 

lily  there  is  a  distinct 

nlsive  organ  by  which 

nrculation  is  carried  on, 

this  is  occasionally  ab-  /  w' 

.       Distinct   respiratory  p.^    ,79._Diag«m  of  a  Mollusc,    a  Alimen- 

nS  may  or  may  not  be  tary  canal ;   k  Heart :  /  Foot ;    n  Cerebral 

^^^         T>^^.^^..^«.:^^    ;«  ganglion;    W  Pedal   ganglion;   <f"  Parieto- 

Cnt        Reproduction    is  Jplichnii  ganglion. 

al,  though  gemmation 

so  occasionally  superadded.  The  higher  Mollusca  are  all 
)le  animals,  but  many  of  the  lower  forms  are  capable  of 
ling  colonies  by  continuous  gemmation, 
he  digestive  system  in  all  the  Mollusca  consists  of  a  mouth, 
et,  stomach,  intestine,  and  anus — though  in  some  of  the 
xhiopoda^  and  in  a  few  other  forms,  the  intestine  ends 
ally.  In  some  the  mouth  is  surrounded  by  ciliated  ten- 
es  (Poiyzoa^  fig.  182) ;  in  others  it  is  furnished  with  two 
ted  arms  {Brachiopoda,  fig.  187) ;  in  the  bivalves  {Lamelli' 
uhiata)  it  is  mostly  furnished  with  four  membranous  pro- 
es  or  palpi  (fig.  191) ;  in  others  it  is  provided  with  a  com- 
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plicated  apparatus  of  teeth  (Gasteropoda^  fig.  19^9  and  Pi 
podd) ;  and,  lastly,  the  Cephalopoda  have,  in  addition,  horn} 
calcareous  mandibles,  forming  a  kind  of  beak.  Well-devdo] 
salivary  glands  are  usually  present;  the  liver  in  the  hig 
forms  is  of  large  size,  and  pours  its  secretion  either  into 
stomach  or  into  the  commencement  of  the  intestine;  an 
renal  organ  has  been  detected  in  most  of  the  MoUusca  pro( 
There  is  no  distinct  absorbent  system,  but  the  products 
digestion  pass  by  exosmose  into  the  general  abdominal  cavi 
and  thence  into  the  larger  veins. 

The  blood  is  colourless,  or  nearly  so.  In  the  Polytca  1 
circulation  is  carried  on  by  ciliary  action,  and  there  is  no  < 
tinct  propulsive  organ,  or  definite  course  of  the  circolat 
fluid.  In  the  Tunicata  the  heart  is  a  simple  tube,  open  at  b 
ends,  and  the  course  of  the  circulation  is  periodically  reven 
In  the  Brachiopoda  the  course  of  the  circulation  is  not  d 
nitely  ascertained,  and  it  is  doubtful  if  a  true  heart  is  prei 
in  ail.  In  the  higher  MoUusca  a  distinct  heart  is  alw 
present,  and  consists  of  an  auricle  which  receives  the  aen 
blood  from  the  breathing -organ,  and  a  muscular  ventr 
which  propels  it  through  the  systemic  vessels.  That  a  sysl 
of  capillaries  in  many  cases  intervenes  between  the  arte 
and  veins,  appears  from  recent  researches  to  be  probal 
In  all  cases  the  heart  of  the  MoUusca  is  systemic,  distribul 
the  aerated  blood  to  the  body ;  and  in  no  case  is  it  respirati 
propelling  the  non-aerated  blood  to  the  breathing-organ. 

In  the  Polyzoa  there  is  no  differentiated  respiratory  oi| 
and  the  function  of  respiration  is  discharged  mainly  by 
oral  crown  of  ciliated  tentacles.  In  the  Tunicata  respiral 
is  effected  by  means  of  the  pharyngeal  or  branchial  sac ;  i 
in  the  Brachiopoda  by  the  oral  arms,  and  possibly,  to  s( 
extent,  by  an  "  atrial "  or  "  water-vascular  "  system,  fumis 
with  contractile  dilatations.  In  the  higher  MoUusca  a  disti 
breathing-organ  is  always  present,  a  portion  of  the  mantle  be 
specialised  for  this  purpose.  In  the  LamcilibranchiatOy  J 
the  branchiate  Gasteropoda^  the  breathing-organs  are  in 
form  of  lamellar  and  pectinate  gills ;  and  the  same  is  the  c 
with  the  Cephalopoda.  In  the  pulmonate  Gasteropoda^ 
which  respiration  is  aerial,  a  pulmonary  sac  or  air-chamba 
produced  by  the  folding  of  a  portion  of  the  mantle,  ovo" 
interior  of  which  the  pulmonary  vessels  are  distributed.  1 
chamber  thus  formed  communicates  with  the  exterior  bj 
round  aperture,  which  can  be  opened  or  closed  at  will ;  andi 
renovation  of  the  effete  air  within  the  sac  appears  to  be  effcci 
mainly  or  entirely  by  simple  diffusion. 
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e  nervous  system  varies  considerably  in  its  development. 
e  Mytoa^  Tunicata^  and  Br<ichiopoda — which  collectively 
itate  the  MoUuscoida — the  nervous  system  consists  of  a 
ganglion,  or  of  a  principal  pair  with  accessory  ganglia, 
1  between  the  oral  and  anal  apertures,  or  on  the  ventral 
e  of  the  body.  The  true  MoUuscan  type  (fig.  179),  how- 
of  nervous  system  is  constituted  by  the  presence  of  three 
of  ganglia,  connected  with  one  another  by  commissures, 
stributed  in  a  characteristically  scattered  manner  (hetero- 
ate  type).  One  of  these  ganglia  is  situated  above  the 
lagus,  and  is  called  the  '' supra-oesophageal "  or  ''cere- 
ganglion.  A  second  is  placed  below  the  oesophagus, 
\  termed  the  " infra-cesophageal "  or  "pedal"  ganglion 
its  supplying  the  nerves  to  the  "  foot ").  The  third  pair 
!  most  persistent,  and  is  termed  the  ''branchial"  or 
sto-splanchnic  "  ganglion.  In  many  of  the  higher  Mol- 
however,  the  cerebral  and  pedal  ganglia  are  fused  in  an 
lagealring. 

jans  of  sight  exist  in  some  of  the  lower,  and  in  the  majo- 
'  the  higher,  Molltisca.  In  the  Cephalopoda^  and  in  some 
Gasteropoda  (e,g,^  Strombida)^  the  eyes  are  of  a  very  high 
if  organisation.  In  the  Lamdlibranchiata  the  adults  are 
destitute  of  organs  of  vision,  or  possess  numerous  simple 
"  ocelli ")  placed  along  the  margins  of  the  mantle-lobes, 
r  ocelli  are  also  found  in  some  of  the  Tunicata^  placed 
en  the  oral  tentacles.  Organs  of  hearing  ("  otocysts  ") 
in  the  more  highly  organised  Mollusca^  especially  in  the 
ifpoda  and  Cephalopoda^  and  supposed  olfactory  organs 
in  some  of  the  latter. 

iroduction  amongst  the  MoUusca  is  almost  invariably 
,  but  it  is  by  continuous  gemmation  that  the  colonies  of 
^yzoa^  and  the  social  and  compound  Tunicata,  are  pro- 
,  and  the  "  statoblasts "  of  the  former  offer  a  good  ex- 
of  non-sexual  reproduction.  The  sexes  may  be  distinct, 
in  many  cases  united  in  the  same  individual.  In  many 
the  ova  are  arranged  in  rows,  so  as  to  form  a  strap  or 
I -shaped  structure,  termed  the  "nidamental  ribbon." 
is  generally  a  distinct  metamorphosis  in  development, 
implied  by  their  scientific  name,  the  Afollusca  are  mostly 
3died  animals;  but  their  popular  name  of  ** Shell-fish " 
»es  the  fact,  that  the  presence  of  a  shell,  protecting  the 
ody,  is  likewise  a  very  characteristic  feature  in  the  sub- 
orn. At  the  same  time,  a  shell  is  not  universally  present, 
nany  of  the  MoUusca  are  either  permanently  naJced,  or 
Bs  nothing  that  would  be  ordinarily  looked  upon  as  a 
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shell.  When  there  is  either  no  shell  at  all,  or  merely  a  nidi- 
mentary  shell  enclosed  in  the  mantle,  the  Mollusc  is  said  to 
be  "n^dced/'  The  shell  of  the  "testaceous"  Jfaiiuscaisverf 
closely  related  to  the  respiratory  organs ;  "  indeed  it  may  be 
regarded  as  a  pneumoskeUton,  being  essentially  a  calcified  por- 
tion of  the  mantle,  of  which  the  breathing-organ  is  at  moit  a 
specialised  part.  •  .  .  In  its  most  reduced  form  the  shd 
is  only  a  hollow  cone  or  plate,  protecting  the  breathing-oipD 
and  heart,  as  in  Limax^  Testacellay  and  Carinaria.  Its  pea&r 
features  always  relate  to  the  condition  of  the  breathing-oigiOi 
and  in  Terebratida  and  Pelonaia  it  becomes  identified  with  the 
gill.  In  the  Nudibratuhs  the  vascular  mantle  performs,  wholly 
or  in  part,  the  respiratory  office.  In  the  Cephaiopods  the  shdl 
becomes  complicated  by  the  addition  of  a  distinct,  interaal,  '. 
chambered  portion  {phragfnacone\  which  is  properly  a  visard  : 
skeleton "  (Woodward).  In  a  great  many  of  the  MMm 
proper  the  shell  consists  of  but  a  single  piece,  and  they  ait 
called  "univalves."  In  many  others  the  shell  consists  of t«o 
separate  plates  or  "valves,"  and  these  are  called  "bivalves." 
In  others,  again,  as  in  the  Chiton,  the  shell  consists  of  more 
than  two  pieces,  and  is  said  to  be  "  multivalve."  Most,  how- 
ever, of  the  multivalve  shells  of  older  writers  are  in  reality 
referable  to  the  Cirripedia, 

All  the  testaceous  Mollusca  (except  the  Argonaut),  and  most 
of  the  "  naked  **  forms,  acquire  a  rudimentary  shell  before  their 
liberation  from  the  ovum.  In  the  latter  this  rudimentary  shell 
is  cast  off  as  the  embryo  grows,  but  in  the  former  it  becomes 
the  "  nucleus  "  of  the  adult  shell.  In  the  bivalves  the  embry- 
onic shell  or  " nucleus"  is  situated  at  the  beak  or  "umbo" of 
each  valve,  and  is  often  very  unlike  the  remainder  of  the  shel 

In  composition  the  shell  of  the  Molhisca  consists  of  carbonate  of  liin^ 
usually  having  the  atomic  arrangement  of  calcite — with  a  small  proportio 
of  animal  matter.  In  the  FholadidiCy  however,  the  calcareous  matter  cxiitt 
in  the  allotropic  condition  of  arnigonite,  which  is  very  much  harder  tha 
calcite.  As  regards  their  texture,  three  principal  varieties  of  shells  inJf 
l)e  distinc^^uished — viz.,  the  "porcellanous,"  the  ** nacreous,"  and  the 
"fibrous.^*  In  the  "nacreous*  or  pearly  shells,  as  seen  in  "mother-o^ 
jiearl,"  the  shell  has  a  peculiar  lustre,  due  to  the  minute  undulations  a 
the  edges  of  alternate  layers  of  carbonate  of  lime  and  membrane.  Tie  j 
"fibrous"  shells  are  composed  of  successive  layers  of  prismatic  cells.  The  | 
"porcellanous  "  shell  has  a  more  complicated  structure,  and  is  compoiw 
of  three  layers  or  strata,  each  of  which  is  made  up  of  very  numerous  pwm  ' 
**  like  cards  placed  on  edge."  The  direction  in  which  the  vertical  phw* ' 
are  placed,  is  sometimes  transverse  in  the  central  layer,  and  lengthwise  ii  ] 
the  two  others;  or  longitudinal  in  the  middle,  and  transverse  in  thconWj 
and  inner  strata.  ■ 

All  living  shells  have  an  outer  layer  of  animal  matter,  which  is  known  •  j 
the  "epidermis,"  or  "  pcriostracum. "     This  is  sometimes  of  extreme  l*] 
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ity,  bnt  is  sometimes  very  thick,  the  latter  being  especially  the  case  with 
KHe  shells  which  are  found  in  fresh  water. 

In  many  of  the  spiral  univalves,  as  the  animal  grows  it  withdraws  itself 
)m  the  upper  portion  of  the  shell,  often  partitioning  off  the  space  thus 
i  vacant  In  many  instances  the  portion  thus  abandoned  falls  on,  and  the 
dl  becomes  "truncated,**  or  **  decollated  ;  "  this  being  the  normal  con- 
loo  in  fully-grown  examples  of  some  shells. 

bi  the  great  majority  of  univalves  the  shell  is  coiled  into  a  spiral,  the 
tction  of  which  is  right-handed,  but  in  some  cases  the  spiral  is  left- 
idedy  and  the  shell  is  said  to  be  "reversed,"  or  "sinistral."  The  re* 
led  shell  may  occur  as  the  normal  condition  of  the  species,  or  it  may 
an*  simply  as  a  variety  of  a  form  which  is  normally  right-handed,  or 
\ainL'* 

The  sub-kingdom  MoUusca  is  divided  into  two  great  divi- 
VIS,  termed  respectively  the  Molluscoida^  and  the  MoUusca 
^fer.  In  the  former  of  these  the  nervous  system  consists  of 
liiigle  ganglion  or  principal  pair  of  ganglia^  and  there  is 
her  no  circulatory  organ  or  an  imperfect  heart.  In  the 
ter  the  nervous  system  consists  of  three  principal  pairs  of 
iglia,  and  there  is  a  well-developed  heart,  consisting  of  at 
St  two  chambers. 


z 
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CHAPTER  XLII. 


POLYZOA. 

Division  A.  Molluscoida. — Nervous  system  consisting  iff  ^ 
single  ganglion,  or  of  a  principal  pair  with  accessory  ganglia;  % 
distinct  organ  of  the  circulation,  or  an  imperfect  heart. 

This  division  includes  three  classes — viz.,  the  Polyzoa^  tl 
Tunicata,  and  the  Brachiopoda, 

Class  I.  Polyzoa  {Bryozoa), — ^The  members  of  this  da 
are  defined  as  follows  : — "  Alimentary  canal  suspended  in 
double-walled  sac,  frofn  which  it  may  be  partially  protruded  by 
process  of  evagination,  and  into  which  it  may  be  again  retrod 
by  invagination.  Mouth  surrounded  by  a  circle  or  crescent 
hollow,  ciliated  tentacles ;  animals  always  forming  compose 
colonies  "  (Allman). 

All  the  Polyzoa  live  in  an  associated  form  in  colonies  • 
"  polyzoaria,"  which  are  sometimes  foliaceous  (fig.  i8o),  som 
times  branched  and  plant-like,  sometimes  encrusting,  and  tc 
rarely  are  free.  Each  "  polyzoarium  "  consists  of  an  asset 
blage  of  distinct  but  similar  zooids  arising  by  continuous  ga 
mation  from  a  single  primordial  individual.  The  colonies  th 
produced  are  in  very  many  respects  closely  similar  to  those* 
many  of  the  Hydroid  Polypes,  with  which,  indeed,  the  Fotflk 
were  for  a  long  time  classed.  The  "  polyzoarium,"  howwjl 
of  a  Polyzoon  differs  from  the  polypidom  of  a  composite 
droid  in  the  general  fact  that  the  separate  cells  of  the 
do  not  communicate  with  one  another  otherwise  thanbf' 
continuity  of  the  external  integument ;  whereas  the  zooih^ 
the  latter  are  united  by  an  organic  connecting  medinfflf 
"  coenosarc,"  from  which  they  take  their  origin. 

In  one  group  of  the  Polyzoa — viz.,  the  Ctenostomata  (h 
ing  Vesicularia  and  its  allies),  the  cells  arise  from  a 
stalk,  and  are  thus  placed  in  communication  with  one  anoW 
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bat  Ais  hardly  affects  the  general  value  of  the  distinction 
wove  spoken  of. 
The  homomorphisni,  however,  which  subsists  between  the 


}fiM  and  the  Hydwida,  is  shown  most  decisively  not  to  be 
^e  affinity,  when  the  structure  of  the  individual  zoolds  is 
■ined.  The  polypite  of  a  Hydroid  Zoophyte,  as  we  have 
Mj  »een,  possesses  no  alimentary  canal  distinct  from  the 
«nl  cavity  of  the  body ;  there  are  no  traces  of  a  nervous 
to,  and  the  reproductive  oi^ns  are  in  the  form  of  exter- 
Incesses  of  the  body-wall.  In  the  zobid  of  all  the  Polyzoa 
>  181,  3),  on  the  other  hand,  there  is  a  distinct  alimentary 
■^  completely  shut  off  from  the  somatic  cavity ;  a  nervous 
to  is  pvesent,  and  the  reproductive  organs  are  contained 
liBi  the  body. 

ndie  JWjn^,  the  entire  colony — or  its  entire  dermal  system 
tolled  t^e  "  Doivzoaiium  "  or  "  ccetuecium : "  the  seoarate 


'oUed  tiie  "  poiyzoaiium  "  or  "  coetKScium ; ' 


e  separate 
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zooids  are  called  "  pojypides ; "  and  the  L'ttle  chambe 
which  each  is  contained  are  called  the  "  cells,"  or  "looed 

It  will  be  seen,  therefore,  that  the  term  polypUe  is  restri 
to  the  zooid  of  a  compound  Hydrozoon,  or  to  the  entire  h] 
soma  of  a  simple  member  of  the  class.  The  tenn  /o^ 
applied  to  a  simple  Actinosoon,  or  to  the  zooids  of  a  compi 
actinosoma.  Lastly,  the  term  polypitU  is  exclusively  empl 
to  designate  the  zodid  of  one  of  the  Polysoa. 

The  construction  of  a  typical  polypide  of  a  Polytem  is 
described  b)[  Professor  Allman  (fig.  i8i,  a)  : — 

"  Let  us  imagine  an  alimentary  canal,  consisting  of 


phagus,  stomach,  and  intestine,  to  be  furnished  at  its  < 
with  long  ciliated  tentacula,  and  to  have  a  single  nervoni 
glion  placed  upon  one  side  of  the  cesophagus.  Let  ui 
suppose  this  canal  to  be  bent  back  upon  itself  towud 
side  of  the  ganglion,  so  as  to  approximate  the  tenninati 
the  origin.  Let  us  further  imagine  the  digestive  tabe 
constituted  to  be  suspended  in  a  fluid  contained  in  a 
branous  sac  with  two  openings,  one  for  the  mouth  an 
other  for  the  vent,  the  tentacula  alone  being  external  t 
sac.  Let  us  still  further  suppose  the  alimentary  tube,  byi 
of  a  system  of  muscles,  to  admit  of  being  retracted  o 
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nded  according  to  the  will  of  the  animal;  the  retraction 
eiDg  accompanied  by  an  invagination  of  the  sac,  so  as  par- 
ally  or  entirely  to  include  the  oral  tentacles  within  it ;  and  if 
I  these  characters  we  add  the  presence  of  true  sexual  organs 
I  the  form  of  ovary  and  testis,  occupying  some  portion  of  the 
iterior  of  the  sac,  and  the  negative  character  of  the  absence 
f  all  vestige  of  a  heart,  we  shall  have,  perhaps,  as  correct 
n  idea — ^apart  from  all  considerations  of  homology  or  deriva- 
bn  from  an  archetype — as  can  be  conveyed  of  the  essential 
tmcture  of  a  Polyzoon  in  its  simplest  and  most  generalised 
amdition. 

"To  give,  however,  more  actuality  to  our  ideal  Polyzoon^ 
we  may  bear  in  mind  that  the  immediately  investing  sac  has 
fte  power,  in  almost  every  case,  of  secreting  from  its  external 
arfcice  a  secondary  investment,  of  very  various  constitution 
in  the  different  groups ;  and  we  may,  moreover,  conceive-  of 
the  entire  animal  with  its  digestive  tube,  tentacula,  ganglion, 
ttoscles,  generative  organs,  circumambient  fluid,  and  investing 
acs,  repeating  itself  by  gemmation,  and  thus  producing  one 
or  more  precisely  similar  systems,  holding  a  definite  position 
idatively  to  one  another,  while  all  continue  organically  united, 
«nd  we  shall  then  have  the  actual  condition  presented  by  the 
hijioa  in  their  fully-developed  state." 

The  vast  majority  of  the  Poiyzoa  are  fixed,  but  this  is  not 
•niversally  the  case.  Thus  the  singular  fresh-water  Cristaiella 
•  free  and  locomotive,  creeping  about  by  means  of  a  flattened 
&oid  base,  not  unlike  the  foot  of  the  Gasteropoda, 

The  two  fundamental  structures  of  the  "  coenoecium  "  of  a 
hkftoon — viz.,  the  immediately  investing  sac,  and  its  secon- 
wy  investment — are  sometimes  termed  the  "  endoderm  "  and 
"ectoderm ; "  but  as  these  terms  are  employed  in  describing 
^Hydrozoa,  it  is  better  to  make  use  of  the  terms  **  endocyst " 
;ftd  "  ectocyst,"  proposed  by  Dr  Allman. 

The  "  ectocyst,"  or  external  investment  of  the  coenoecium, 

iBually  a  brown,  pergamentaceous,  probably  chitinous,  but 

highly  calcareous,  membrane ;  and  it  is  by  the  ectocyst 

the  "cells"  are  iformed.      In    Cristatella^  alone  of  the 

there  is  no  ectocyst,  and  in  Lop/iopus  (fig.  182,  3)  the 

is  gelatinous  in  its  consistence.     In  many  cases  the 

is  provided  with  singular  appendages,  supposed  to 

weapons  of  offence  and  defence,  or  organs  of  prehension, 

cd  "  avicularia "   (fig.   181,  3)   and   "vibracula."      The 

ia,  or  "bird's-head  processes,"  differ  a  good  deal  in 

but  consist  essentially  of  '*  a  movable  mandible  and  a 

fbiDished  with  a  homy  beak,  with  which  the  point  of  the 
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mandible  is  capable  of  being  brought  into  apposition  "  (Bus 
In  shape  the  avicularia  often  closely  resemble  the  head 
a  bird,  and  they  are  in  many  respects  comparable  with  t 
"  pedicellarijE  "  of  the  Echinodermata^  keeping  up  a  consts 
snapping  movement,  which  continues  long  after  the  death 
the  general  colony.  In  the  "  vibracula,"  the  place  of  the  m 
dible  of  the  avicularium  is  taken  by  a  bristle,  or  seta,  which 
capable  of  extensive  movement.  In  many  cases  the  cells  a 
also  furnished  with  globular  sacs  or  pouches  ("oviccUs* 
*•  oocysts "),  appended  to  them,  and  serving  as  maisup 
pouches  for  the  ova. 

It  is  generally  believed  that  the  avicularia,  vibracula,  a* 
ovicells  are  really  undeveloped  polypides  or  modified  loSi 
Good  authorities  also  believe  that  the  "  cells  "  or  "  zoced 
themselves  are  not  to  be  regarded  as  mere  skeletal  stnictor 
but  that  they  have  a  life  independent  of  that  of  their  a 
tained  polypides,  and  that  they  can  continue  to  live  and  p 
duce  new  polypides  after  the  death  of  the  latter.  They  x 
regarded,  in  fact,  as  separate  zoo  ids. 

The  endocyst  is  always  soft,  contractile,  and  membranoi 
and,  according  to  Sars,  is  wanting  in  Rhabdopleura.  It  lii 
the  interior  of  the  cells  formed  by  the  ectocyst,  and  is  reflect 
backwards  at  the  mouth  of  the  cell,  so  as  to  be  invaginated, 
inverted  into  itself;  and  it  finally  terminates  by  being  attach 
to  the  base  of  the  circlet  of  tentacles.  This  invagination 
the  endocyst  is  more  or  less  permanently  present  in  all  t 
fresh-water  Polyzoa,  A  portion  of  the  inner  surface  of  t 
endocyst,  if  not  the  whole,  is  furnished  with  vibratile  cilia. 

The  mouth  of  each  polypide  is  surrounded  by  a  crown 
tubular,  non-retractile  tentacles,  which  have  their  sides  ciliati 
and  are  arranged  sometimes  in  a  circle  and  sometimes  in 
(Tescent.  In  the  fresh-water  Polyzoa  the  tentacles  are  unit 
towards  their  bases  by  a  funnel-shaped  membrane,  known 
the  "  calyx."  The  tentacles  are  borne  upon  a  kind  of  disci< 
stage,  which  is  termed  by  Professor  Allman  the  "  lophopbort 
In  the  majority  of  Polyzoa — including  almost  all  the  mart 
species — the  lophophore  is  circular  (fig.  182,  2)  ;  but  in  mostc 
the  fresh-water  forms  it  has  its  neural  side  extended  intot* 
long  arms,  so  that  the  entire  lophophore  becomes  cresce* 
or  "  horse -shoe -shaped"  (fig.  182,  3);  hence  this  section  1 
sometimes  collectively  termed  the  "  Hippocrepian "  P^lf^ 
In  all,  or  almost  all,  the  Polyzoa  in  which  this  crescentic  COI 
dition  of  the  lophophore  exists,  there  is  also  a  singular  v>l* 
like  organ  which  arches  over  the  mouth,  and  is  termed  ■ 
*'  epistome."    The  only  marine  forms  in  which  the  lophoph* 
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bilatetal  are  PtHallina  and  Rhabdopleura ;  the  only  fresh- 
Va  t^)ccies  in  which  the  lophopore  is  orbicular  are  Paludi- 
lavA  Umaielia. 
TTie  mouth  conducts  by  an  oesophagus  into  a  dilated  stomach. 


'Slliiei ; 


n^  ih.— t.  Fngmcnt  oT  Fluilra  Irviteala,  one  oT  the  Sea-mau,  natural  tin 
Hfle  wlypide  oT  Valkina.  nweniAccI,  ibowinf;  ihc  orhiculur  cinwn  of  It 
>  Apolypide  of  LefkafilH  cryilaUmHS,  a  fn^h-waler  PulyEonn.  highly  ma 


liome  cases  a  phaiynx  may  be  present,  and  in  others  there 
in  front  of  the  stomach  a  muscular  proven  tri cuius,  or  giz- 
li  From  the  stomach  proceeds  the  intestine,  which  shortly 
(M  forward  to  open  by  a  distinct  anus  close  to  the  mouth. 
I  the  nervous  ganglion  is  situated  on  that  side  of  the  mouth 
wrds  which  the  intestine  turns  in  order  to  reach  its  termina- 
B,  the  intestine  is  said  to  have  a  "  neural  flexure ;"  and  this 
lition  is  constant  throughout  the  entire  class. 
Respiration  in  the  Polyzoa  appears  to  be  carried  on  by  the 
iited  tentacles,  and  by  the  "  perigastric  space,"  which  is 
ed  with  a  clear  fluid,  containing  solid  particles  in  suspen- 
n.  A  kind  of  circulation  is  kept  up  in  this  "perigastric 
id"  by  means  of  the  cilia  lining  the  inner  surface  of  the 
docysL  Beyond  this  there  is  nothing  tljat  could  be  called 
circulation,  and  there  are  no  distinct  circulatory  organs  of 
rkind. 
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The  nen'ous  system  in  all  the  Polytoa  consists  of  a  single 
small  ganglion  (fig.  t8i,  2\  placed  upon  one  side  of  the  (£so- 
phagus,  between  it  and  the  anal  aperture.  Besides  the  single 
ganglion  which  belongs  to  each  polypide,  there  is  also  in  s(xne 
of  the  Polyzoa^  a  "  colonial  nervous  system ; "  that  is  to  say, 
there  is  a  well  -  developed  nervous  system,  which  unites  to- 
gether the-  various  zooids  composing  the  colony,  and  brings 
them  into  relation  with  one  another.  It  is  probably  in  virtue 
of  this  system  that  the  avicularia  are  enabled  to  continue  thdr 
movements  and  retain  their  irritability  after  the  death  of  t^ 
polypides. 

The  muscular  system  is  well  developed,  and  consists  d 
various  muscular  bands,  with  special  functions  attaching  to 
each.  The  most  important  fasciculi  are  the  retractor  musdcs 
(fig.  i8i,  2,  ^),  which  retract  the  upper  portion  of  the  polypidc 
within  the  cell.  These  muscles  arise  from  the  inner  sur£aicerf 
the  endocyst  near  the  bottom  of  the  cell,  and  are  inserted  intt 
the  upper  part  of  the  oesophagus.  The  polypide,  when  * 
tracted,  is  again  exserted,  chiefly  by  the  action  of  the  "  paridal 
muscles,"  which  are  in  the  form  of  circular  bundles  ruming 
transversely  round  the  cell. 

As  far  as  is  known,  all  the  Polyzoa  are  hermaphrodite,  cad» 
polypide  containing  an  ovary  and  testis  (fig.  i8i,  2).  The 
ovary  is  situated  near  the  summit  of  the  cell,  and  is  attadied 
to  the  inner  surface  of  the  endocyst  The  testis  is  situated  at 
the  bottom  of  the  cell,  and  a  curious  cylindrical  appends^p 
called  the  "  funiculus,"  usually  passes  from  it  to  the  ftmdns» 
the  stomach.  There  are  no  efferent  ducts  to  the  reproducti'* 
organs ;  and  the  products  of  generation — /.^.,  the  speraiatoioi 
and  ova  —  are  discharged  into  the  perigastric  space,  what 
fecundation  takes  place;  and  the  impregnated  ova  escape bf 
special  openings  in  the  body-wall,  by  dehiscence  of  the  cdl 
or  in  some  manner  not  as  yet  understood. 

As  already  mentioned,  continuous  gemmation  occurs  in  ij 
the  Polyzoa^  the  fresh  zooids  thus  produced  remaining  attadiW' 
to  the  organism  from  which  they  were  budded  forth,  and  thw^ 
giving  rise  to  a  compound  growth. 

A  form  of  discontinuous  gemmation,  however,  occurs  in  maiif  o*  ^ 
Polyzoa,  in  which  certain  singular  bodies,  called  "statoblasts,"  arc  dew* 
oped  in  the  interior  of  the  pol>*pide.  The  statoblasts  are  fouiid  in  ceitii* 
seasons  lying  loose  in  the  perigastric  cavity.  In  form  **  they  ntty." 
generally  described  as  lenticular  bodies,  varying,  according  to  the  spco* 
from  an  orbicular  to  an  elongated-oval  figure,  and  enclosed  in  a  lwf"f 
shell,  which  consists  of  two  concavo-convex  discs  united  by  their  mtif* 
wliere  they  are  further  strengthened  by  a  ring  which  runs  round  the  <*W 
margin,  and  is  of  different  structure  from  the  discs.  .    .   .  When  the  $»!•• 
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ilvti  tie  placed  imder  circumstances  favouring  their  development,  they 
pen  bj  the  separation  from  one  another  of  the  two  faces,  and  there  then 
Ripes  from  them  a  young  Polyzoon^  already  in  an  advanced  stage  of  de- 
dopment,  and  in  all  essential  respects  resembling  the  adult  individual  in 
iMie  cell  the  statoblasts  were  produced  "  (AUman).  The  statoblasts  are 
imed  as  buds  upon  the  "funiculus  " — the  cord  already  alluded  to  as  ex- 
ading  from  the  testis  to  the  stomach — upon  which  they  may  usuallv  be 
CB  in  diflferent  stages  of  growth,  lliey  do  not  appear  to  l)e  set  free  from 
e  perigastric  space  prior  to  the  death  of  the  adult,  and  when  liberated 
iqr  tie  enabled  to  float  near  the  surface  of  the  water,  in  conseauence  of 
ecdls  of  the  marginal  ring,  or  "annulus,"  being  s]X)ngy  and  filled  with 
r.  TTicy  must  be  looked  upon  as  ''^ gemma  peculiarly  encysted,  and 
stioed  to  remain  for  a  period  in  a  quiescent  or  pupa-like  state "  (All- 

As  regards  the  development  of  the  Polyzoa^  the  embryo 
pOD  its  emergence  from  the  ovum  presents  itself  as  a  ciliated, 
ee-swimming,  sac-like  body,  from  which  the  polypide  is  sub- 
sqaeiitly  produced  by  a  process  of  gemmation.  In  the  singu- 
i  Rkabdapleura  the  primitive  bud  is  enclosed  between  two 
!shy  lobes  or  valve-like  plates,  attached  along  their  dorsal 
aigin,  and  giving  exit  in  front  to  the  rudimentary  lophophore. 
I  the  development  proceeds,  these  plates  cease  to  keep  pace 
their  growth  with  the  rest  of  the  bud ;  till  ultimately  they 
ipear  as  a  peculiar  shield-like  organ  on  the  haemal  side  of  the 
(Upbore.  These  lobes  have  been  compared  by  Dr  Allman 
th  the  mantle-lobes  of  the  Lamellibranchiata, 
Divisions  of  the  Polyzoa. — The  Polyzoa  are  divided  into 
o  divisions  or  orders — the  Phylactolamata  (fig.  182,  3),  dis- 
sgnished  by  the  possession  of  a  bilateral  horse-shoe-shaped 
l^phore,  and  of  an  "  epistome "  arching  over  the  mouth  ; 
d  the  Gymnolamata  (fig.  182,  2),  in  which  the  lophophore 
orbicular,  and  there  is  no  epistome. 

rhe  order  of  the  Phylaciolamata  includes  most  of  the  fresh-water  Polyzoa, 
nung  the  families  Plumatellida  (or  Lophopea)  and  Cristatcllida,  Two 
trine  genera — viz.,  Pedicdlina  and  Rhabdopleura — the  types  of  two  distinct 
>-orders — are  also  comprised  in  the  order.  In  the  latter  of  these  the 
inched  tubular  coenoecium  is  furnished  with  a  correspondingly  divided 
tinons  rod,  to  which  the  polypites  are  attached  by  their  funiculi,  on  its 
!ierent  side.  Ijoxosoma  has  l)ecn  sometimes  placed  near  Pcdicfllinay  but 
m  anomalous  form,  with  affmities  to  the  Hydroids. 
rhe  order  of  the  Gymnolnemata  includes  the  fresh -water  genera  Paludi- 
Ss  and  Urnatdlaf  and  the  vast  majority  of  the  marine  Polyzoa,  Of  these 
ter,  the  suborder  of  the  Cheilostomata  is  the  most  important,  as  em- 
£ing  the  greater  number  of  the  common  forms.  In  these,  the  opening 
the  cell  is  sub-terminal,  and  is  generally  closed  by  a  movable  lip  or 
iter.  On  the  other  hand,  in  the  sub-order  Cychstomaia,  the  cells  are 
ular,  the  orifices  terminal,  of  the  same  diameter  as  the  cell  itself,  and 
hoat  any  movable  apparatus  for  closure.  Lastly,  in  the  singular  group 
be  Cienastomata  (including  Vesicuiaria,  Alcyonidium^  and  Pa/kcria),  the 
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cells  arise  from  a  common  tube,  and  their  mouths  are  terminal,  and  i 
nished  with  a  setose  fringe  for  their  closure. 

Affinities  of  the  Polyzoa. — By  many  zoologists  the/V^ 
coa  are  now  regarded  as  being  an  anomalous  class  of  Woraii 
closely  related  to  the  true  Annelides,  That  there  are  points  c 
relationship  between  these  apparently  diverse  groups  canno 
be  doubted ;  but  these  do  not  seem  sufficient  to  outweigh  tlw 
points  of  divergence,  such,  for  example,  as  the  absence  of  s^ 
mentation  in  the  former,  and  the  totally  different  form  of  tlw 
nervous  system.  The  Polyzoa  have  also  striking  affinities  witi 
the  Brachiopoda  and  Tunicata^  and  even  some  with  the  MA 
lusca  proper ;  and  it  has  not,  therefore,  appeared  advisable  tt 
remove  them  to  the  division  of  the  Anarthropada. 

Distribution  of  Polyzoa  in  Space. — The PoIysoa^X^tii 
the  Molluscoida^  are  exclusively  aquatic  in  their  habits,  bol 
unlike  the  remaining  two  classes,  they  are  not  exclusively  con 
fined  to  the  sea.  The  marine  Polyzoa  are  of  almost  univcrsa 
occurrence  in  all  seas.  The  fresh-water  Polyzoa^  however,  no 
only  differ  materially  from  their  marine  brethren  in  structure 
but  appear  to  have  a  much  more  limited  range,  being,  as  far  i 
is  yet  kno^vn,  principally  characteristic  of  the  north  temperat* 
zone.  Britain  can  claim  the  great  majority  of  the  describee 
species  of  fresh-water  Polyzoa^  but  this  is  probably  due  to  th( 
more  careful  scrutiny  to  which  this  country  has  been  subjected 
Fresh-water  Polyzoa  have  also  been  found  in  the  southen 
hemisphere,  in  Australia  and  India. 

Distribution  of  Polyzoa  in  Time. — The  Polyzoa  hare 
left  abundant  traces  of  their  past  existence  in  the  stratified 
series,  commencing  in  the  Lower  Silurian  Rocks  and  extend- 
ing up  to  the  present  day.  The  Oidhamia  of  the  Cambrian 
Rocks  of  Ireland,  and  the  Graptolitcs^  have  been  supposed  tc 
belong  to  the  Polyzoa  ;  but  the  former  is  very  possibly  a  plant, 
and  the  latter  should  be  referred  to  the  Hydrozoa,  Of  un- 
doubted Polyzoa^  the  marine  orders  of  the  Cheilostomata  and 
Cyclostomata  are  alone  known  with  certainty  to  be  represented. 
Several  Palaeozoic  genera — such  as  Fenestclla  (the  Lace-coial)i 
Ptilodictya^  Ptilopora^  &c. — are  exclusively  confined  to  this 
epoch,  and  do  not  extend  into  the  Secondary  Rocks.  Amongst 
the  Mesozoic  formations,  the  Chalk  is  especially  rich  in  PAf 
zoa,  over  two  hundred  species  having  been  already  described 
from  this  horizon  alone.  In  the  Tertiary  period,  the  Coralline 
Crag  (Pleiocene)  is  equally  conspicuous  for  the  great  numbei 
of  the  members  of  this  class. 
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CHAPTER    XLIII. 

TUNICATA. 

iSS  11.  TuNlCATA  (Aiddioida). — The  members  of  this  class 
lie  MoUusmda  are  defined  as  follows: — Alimentary  canal 
^mded  in  a  double-walled  sac,  but  not  capable  0/  protrusion 
ntractiffn;  mouth  opening  into  the  bottom  of  a  respiratory 
vhose  walls  arc  more  or  less  completely  lined  by  a  network 
ioodvesseis"  (Allman).  Animal  simple  or  composite.  An 
trfeet  heart  in  the  form  of  a  simple  tube  open  at  both  ends. 
!t  mostly  united;  a  metamorphosis  in  dei'clopment. 
Tie  Tunicaries  are  all  marine,  and  are  protected  by  a  lea- 
7,  elastic  integument,  which  takes  the  place  of  a  shell.  In 
eanmce  a  sotitary  Ascidian  (fig.  183,  C)  may  be  compared 


I  double-necked  jar  with  two  prominent  apertures  situated 
K  to  one  another  at  the  free  extremity  of  the  animal,  one 
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of  these  being  an  ingestive  and  branchial  aperture,  whilst  the 
other  serves  as  an  excretory  aperture.  The  covering  of  an 
Ascidian  is  composed  of  two  layers.  Of  these  the  outer  is 
called  the  "  external  tunic/'  or  **  test,"  and  is  distinguished  by 
its  generally  coriaceous  or  cartilaginous  consistence.  It  is  also 
remarkable  for  containing  a  substance  which  gives  the  same 
chemical  reactions  as  cellulose,  and  is  probably  identical 
with  this  characteristic  vegetable  product  Sometimes  it  con- 
tains spicules  or  plates  of  calcareous  matter.  The  test  is  lined 
by  a  second  coat,  which  is  termed  the  "  second  tunic,"  of 
"  mantle,"  and  which  is  mainly  composed  of  longitudinal  and 
circular  muscular  fibres.  By  means  of  these  the  animal  is  en- 
dowed with  great  contractility,  and  has  the  power  of  ejecting 
water  from  its  branchial  aperture  with  considerable  foicei 
The  mantle  lines  the  test,  but  is  only  slightly  and  loosely  at- 
tached to  it,  especially  near  the  apertures.  The  ingestive  or 
branchial  aperture  (fig.  183,  A,  b)  is  generally  surrounded  by  a 
circlet  of  small,  non-ciliated,  non-retractile  tentacles,  and  opens 
into  a  large  chamber  (fig.  183,  A,  j),  which  usually  occupies 
the  greater  part  of  the  cavity  of  the  mantle,  and  has  its  walls 
perforated  by  numerous  apertures.  This  is  known  variously 
as  the  **phar3'nx,"  the  ** respiratory  sac,"  or  the  "branchial 
sac."  The  last  of  these  names  is  the  best,  as  it  is  not  certain 
that  the  perforated  respiratory  sac  is  really  the  homologue  of 
the  pharynx.  If  this  should  be  its  real  nature,  then  the  bran- 
chial opening  in  the  test  is  truly  the  mouth  ;  but  good  authori- 
ties regard  the  branchial  sac  as  wholly  unconnected  with  the 
alimentary  canal.  Inferiorly  the  respiratory  sac  leads,  by  a 
second  aperture  (fig.  183,  A,  o\  into  an  oesophagus,  which 
conducts  into  a  capacious  stomach  {g\  If  the  branchial  sic 
be  regarded  as  not  representing  a  dilated  pharynx,  then  its 
lower  aperture  is  the  true  mouth. 

From  the  stomach  an  intestine  is  continued,  generally  with 
few  flexures,  to  the  anal  aperture  {an)^  which  does  not  com- 
municate directly  with  the  exterior,  but  opens  into  the  bot- 
tom of  a  second  chamber,  which  is  called  the  "  cloaca,"  or 
"  atrium  "  {c\     Superiorly  the  cloaca  communicates  with  the 
external  medium,  by  means  of  the  second  aperture  in  the  test 
(a).     The  first  bend  of  the  intestine  is  such  that,  if  continued, 
it  would  bring  the  anus  on  the  opposite  side  of  the  mouth  to 
that  on  which  the  nervous  ganglion  is  situated.    The  intestine, 
therefore,  is  said  to  have  a  "  haemal  flexure ;  "  whereas  the  flex-     _ 
ure  in  the  case  of  the  Polyzoa  is  "neural"     The  intestine,     ; 
however,   in  the   Tunicata   does   not   preserve   this  primary   s 
haemal  flexure,  but  is  again  bent  to  the  neural  side  of  the    j. 
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le  nervous  ganglion  coming  finally  to  be  situated  be- 
le  mouth  and  the  rectum.  As  just  stated,  the  anus 
d  direct  communication  with  the  exterior,  but  opens 
uge  cavity,  called  the  "  cloaca,"  or  **  atrial  chamber," 
II  tarn,  opens  externally  by  the  second  aperture  of  the 

This  cloaca  is  a  large  sac  lined  by  a  membrane 
is  reflected  like  a  serous  sac  on  the  viscera,  and  con- 
die  '  third  tunic,'  or  '  peritoneum.' "  From  the  cloaca 
Sected  over  both  sides  of  the  pharynx"  (respiratory 
Ktending  towards  its  dorsal  part  very  nearly  as  far  as 
cture  which  has  been  termed  the  '  endostyle.'  It  then 
x)m  the  sides  of  the  pharynx  to  the  body-walls,  on 
e  right  and  left  lamelke  become  continuous,  so  as  to 

lining  of  the  chamber  into  which  the  second  aperture 

the  *  atrial  chamber.'  Posteriorly,  or  at  the  opposite 
lie  atrial  chamber  to  its  aperture,  its  lining  membrane 
rial  tunic ')  is  reflected  to  a  greater  or  less  extent  over 
stine  and  circulatory  organs.  .  .  .  Where  the 
tinic  *  is  reflected  over  the  sides  of  the  pharynx,  the 
r  into  a  more  or  less  complete  union,  and  the  surfaces 
ct  become  perforated  by  larger  or  smaller,  more  or 
lerous,  apertures.      Thus  the  cavity  of  the  pharynx 

a  free  communication  with  that  of  the  atrium ;  and 
oargins  of  the  pharyngo-atrial  apertures  are  fringed 
a  working  towards  the  interior  of  the  body,  a  current 
:ed,  which  sets  in  at  the  oral  aperture  and  out  by  the 
lening,  and  may  be  readily  observed  in  a  living  Asci- 
inxley). 

;ards  some  points  in  the  above  description.  Professor 
ioes  not  agree  with  Huxley,  but  believes,  on  the  other 
that  the  walls  of  the  atrium  simply  surround  the 
1  sac,  without  being  reflected  on  its  sides,  and  that 
ichial  sac  is  therefore  properly  within  the  cavity  of 
;nL 

icture,  the  "  branchial "  sac  is  composed  of  a  series  of 
inal  and  transverse  bars,  which  cross  each  other  at 
gleSy  and  thus  give  rise  to  a  series  of  quadrangular 
the  margins  of  which  are  fringed  with  vibratile  cilia. 
ars  are  hollow,  and  are  really  vessels  which  open  on 
e  into  two  main  longitudinal  sinuses,  the  so-called 
ial "  or  "  thoracic "  sinuses — one  of  which  is  placed 
e  haemal  side  of  the  sac,  whilst  the  other  runs  along 
d  aspect  The  function  of  the  entire  perforated  sac 
^  respiratory. 
Vunicaia  mostly  possess  a  distinct  heart,  consisting  of 
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a  simple  muscular  tube,  which  is  open  at  both  ends,  and 
not  provided  with  valves.  The  circulation  is  attended  wi 
the  remarkable  peculiarity  of  being  periodically  reversed,  tl 
blood  being  propelled  in  one  direction  for  a  certain  numlx 
of  contractions,  and  being  then  driven  for  a  like  period  in  ai 
opposite  direction ;  "  so  that  the  two  ends  of  the  heart  an 
alternately  arterial  and  venous." 

The  nervous  system  consists  of  a  single  ganglion  placed  on 
one  side  of  the  oral  aperture,  between  it  and  the  anus,  in  aQ 
known  Tunicata^  except  in  the  aberrant  form  Appendiculam. 

The  only  organs  of  sense  are  pigment-spots,  or  ocelli,  usoaDf 
placed  between  the  oral  tentacles,  and  an  auditory  capsule 
sometimes  containing  an  otolith.  These  organs,  however,  are 
not  constantly  present 

With  the  exception  of  DoHolum  and  Appendtculatia^  all  the 
Tunicata  are  hermaphrodite.  Mr  Saville  Kent,  however,  is  of 
opinion  that  Appendicularia  is  the  free  reproductive  zooid  of 
an  Ascidian,  bearing  to  the  adult  the  same  relation  that  the 
Medusae  do  to  the  Hydroid  colony.  The  reproductive  organs 
are  situated  in  the  fold  of  the  intestine,  and  their  efferent  duct 
opens  into  the  atrium.  The  embryo  Tunicate  (fig.  184,  A  and 
C)  is  at  first  generally  free,  and  is  mostly  shaped  like  the  tad- 
pole of  a  frog,  swimming  by  means  of  a  long  caudal  appendage. 
In  one  species  (Molgida  tubulosa)xhc  larval  form  is  destitute  of 
a  tail,  inactive,  and  amoeboid,  and  it  almost  immediately  at- 
taches itself  by  means  of  little  outward  processes  which  it  d^ 
velops.  Several  other  species  of  Molgula  are  also  destitute  of 
a  tail  when  in  the  embryo  condition ;  but  the  embryos  of  those 
species  of  the  genus  which  are  fixed  in  the  adult  state  appear 
to  be  provided  with  a  caudal  appendage.  Lastly,  the  larval 
caudal  appendage  has  been  shown  to  exhibit  a  cylindrical  rod- 
like  body,  which  has  been  paralleled  with  the  chorda  dorsdii 
of  Vertebrates.  The  body  in  question  (fig.  184,  A)  is  a  kind  of 
cellular  rod,  which  agrees  with  the  notochord  of  Vertebrates  in 
giving  insertion  by  its  sheath  to  muscles,  and  which  is  said  to 
hold  an  analogous  position  to  the  nervous  system.  In  many 
cases,  also,  the  caudal  appendage  exhibits  in  addition  diverging 
rays,  which  have  been  compared  with  the  rays  of  the  tails  of 
young  fishes. 

It  is  impossible  here  to  enter  minutely  into  the  structures  which  compoK 
the  larval  Tunicate,  the  relations  of  these  structures  to  one  another  and 
to  the  larva  as  a  whole,  or  their  precise  homological  import  Such  i» 
portant  theoretical  conclusions  have,  however,  been  based  upon  the  inter 
pretation  of  tliese  structures,  that  a  few  words  may  be  directed  to  tin 
point.  ' 
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ariiitt  to  the  researchet  of  Kowalensky  a.nd  Kupfler,  the  larval 
Mte  diSen  from  the  Invertttrala  eenerally,  and  agrees  with  the  Virt/- 
n  ike  bet  that  the  embryo  ia  bicavitaiy,  the  nervous  system  bemg 
«ped  in  1.  dorsal  cavity,  quite  separate  from  the  cavity  in  which  the 
■  getienUy  are  formed.    The  axial  structures  of  the  tail,  as  descriticd 


i>t.~I><*<10|nKnl  of  Timicata.  A,  Lam  of  Btliyllia  vulaam.  crtally  mig- 
iid:  «  f*>-rn  I  ^  *»■  *f-.ft^^»-*  ^  J  HuA  of  primitive  cells  froin  which  (he  diges- 
«  nsui  an  davdo^ ;  i  Ciiclel  of  eighl  cellular  oulgnwlhi ;  d  Eyc-ipol :  r 

■1  olli  foniiBa  the  ihcatii  oF  the  «ncnl  axi>  (eight  rowi  nf  ih»c  nils  an  pre- 
■>    B,  A  poTUDD  of  the  tail  bigUy  mainufied  1  A  Central  aiii  I/and  r,  u  tx- 

zr   ^    ._....._, ,.■     -iBK  viewed  from  the  lidi,  and  highly  raagnilled, 

in-liie  prolanralion!  f  <  *1  of  the  "  leit."  with  rai- 


:r  larva  cj  the  ume, ' 


!  nme  observers,  are  stated  to  commeace  as  a  double  row  of  quad- 
clla,  auironiided  by  oval  muscle-cells,  and  piojecting  slightly  into  the 
)f  the  larva,  having  the  visceral  canal  below,  and  the  neural  canal 
When  complete,  the  axis  of  the  tail  is  said  to  consist  of  a  carti- 
Oi  eUadc  wdal  rod,  imrounded  by  a  cellular  envelope.  According, 
to  tbe  viewi  of  the  observcn  just  mentioned,  the  axial  rod  of  the 
the  krral  Tunicate  is  the  precise  equivalent  of  the  "  chorda  dor- 
ot  vertebrate  aiiinai^  leeii^  that  it  la  dorsal  in  position,  and  that 
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it  is  intermediate  between  the  neural  and  visceral  cavities.  The  peiforatn 
branchial  sac  being,  further,  regarded  as  a  development  of  the  anterioi 
portion  of  the  alimentary  canal,  is  an  additional  support  to  this  view ;  as 
it  can  be  compared  with  the  dilated  and  perforated  pharynx  of  the  Lano^ 
let  {Amphioxus)  the  lowest  of  the  Fishes. 

The  views  sketched  out  above,  though  accepted  and  endorsed  by  numjr 
high  authorities,  have  not  been  allowed  to  pass  without  question,  llie 
opinions  originally  put  forward  by  Kowalewsky  as  to  the  essential  identitj 
of  the  developmental  processes  of  the  Tunicates  and  the  Vertebrates  hue 
been  attacked,  and  many  of  the  niost  important  of  his  alleged  fiicts  htve 
been  denied  by  such  well-known  authorities  as  M ecznikow,  Donitz,  Giud, 
Von  Baer,  and  Reichert.  Without  entering  into  this  controversy  Ivrtber, 
it  will  be  sufficient  to  enumerate  the  more  imf>ortant  points  which  tlie 
researches  of  the  observers  just  mentioned  would  seem  to  render  moie 
or  less  probable  : — 

1.  The  axial  rod  of  the  larval  Ascidian  is  ventral  in  position,  andcia- 
not,  therefore,  be  homologically  compared  with  the  "  chorda  dorsalis  "  of 
the  Vertebrate  embryo.     (Von  Baer.) 

2.  The  embryo  of  the  Tunicates  is  not  really  bicavitary,  and  the  nenrooi 
system  is  not  developed  in  a  chaml>er  separate  from  and  lying  above  the 
visceral  cavity.     (Donitz,  Reichert.) 

3.  The  nerve-ganglion  of  the  Tunicates  is  placed  upon  the  ventral  sar- 
face  of  the  larva,  and  does  not,  therefore,  correspond  with  the  ccrcbro* 
spinal  nervous  svstem  of  the  Vertebrates.     (Von  Baer. ) 

4.  The  tail  of  the  larval  Ascidian  is  a  purely  provisional  organ. 

5.  The  axial  structures  of  the  tail  (fig.  184,  A,  B,  and  D)  consist  of  1 
central  homogeneous,  structureless,  and  elastic  rod,  surrounded  by  t 
sheath  of  large  nucleated  cells,  and  the  former  is  not  primitively  composei 
of  cells.     (Reichert) 

6.  The  perforated  branchial  sac  is  not  a  dilated  pharynx,  but  appcaisto 
correspond  rather  with  the  branchial  chamber  of  the  Larmilibranfhiateu 

From  the  above,  therefore,  the  general  conclusion  may  safely  be  drawa, 
that  we  are  not  at  present  in  a  position  to  give  a  dogmatic  account  as  to 
even  the  most  important  phenomena  in  the  development  of  the  Tunicatei. 
We  may  further  conclude  that  the  view  that  the  development  of  the  Tuni- 
cates is  fundamentally  identical  with  that  of  the  Vertebrata  is  as  yet  not© 
be  regarded  as  scientifically  proved. 

Amongst  the  Salpians  a  species  of  alternation  of  gencfa* 
tions  has  been  observed.  A  solitary  Salpian  produces  long 
chains  of  embryos,  which  remain  organically  connected 
throughout  their  entire  life.  Each  individual  of  these  assoo- 
ated  specimen?  produces  solitary  young,  which  are  often  very 
unlike  their  parents,  and  these  again  give  rise  to  the  aggr^ 
gated  forms.* 

The  Tunicata  are  often  spoken  of  as  exhibiting  three  main 
types  of  structure,  which  give  origin  to  as  many  sectionSj 
known  respectively  as  the  solitary^  the  socialy  and  the  compcv^ 
forms.  In  the  "  solitary  "  Tunicaries  (fig.  183,  C),  the  vb& 
viduals,  however  produced,  remain  entirely  distinct,  or,  if  iW 

*  These  cases  have  been,  however,  otherwise  explained,  and  asserted  t 
be  an  abnormal  mode  of  sexual  reproduction. 
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io  primitively,  they  become  so.  In  the  "  social "  Ascidians, 
he  organism  consists  of  a  number  of  zooids,  each  like  a  soli- 
aiy  Asddian,  produced  by  gemmation  and  permanently  con- 
»ectcd  together  by  a  vascular  canal,  or  "  stolon,"  composed  of 
.  prolongation  of  the  common  tunic,  through  which  the  blood 
irculates.  Finally,  in  the  "compound"  forms  (fig.  183,  B) 
lie  zooids  become  aggregated  into  a  common  mass,  their  tests 
•dng  fused  together,  but  there  being  no  internal  imion.  The 
iodjlli,  which  are  familiar  examples  of  the  compound  Tuni- 
ites,  form  semi-transparent  masses,  often  of  brilliant  colours, 
ttached  to  various  submarine  objects,  and  consisting  of 
iunerous  zooids  arranged  in  star-shaped  groups.  They  are 
(most  always  "very  small,  soft,  irritable,  and  contractile, 
hanging  their  form  with  the  slightest  movement"  (Stark). 
Tie  atrial  apertures  of  all  the  zooids  of  each  stellate  system 
pen  into  a  common  central  cloaca  (fig.  183,  B). 

Homologies  op  the  Tunicata. — The  general  resemblance  between 
tolitary  Ascidian  and  a  single  polypide  of  a  Polyzoon  is  extremely 
>nous ;  each  consisting  of  a  double-walled  sac,  containing  a  freely  sus- 
aded  alimentary  canal,  with  a  distinct  mouth  and  anus,  and  a  nervous 
togUon  placed  between  the  two.  The  chief  feature  in  the  Tunicatay  as 
'  toe  exact  nature  of  which  there  is  much  difference  of  opinion,  is  the 
vidital  or  respiratory  sac.  By  Professor  Allman  this  is  iDelieved  to  be 
bIj  homologous  with  the  tentacular  crown  of  the  Polyzaay  and  the  oral 
n^es  of  the  Tunicaries  are  believed  to  be  something  superadded,  and 
K  lepiesented  at  all  in  the  Polyzoa,  By  Professor  Huxley,  on  the  other 
ind,  and  by  man/  other  authorities,  the  branchial  sac  is  looked  upon  as 
I  enormously  developed  pharjTix,  and  the  oral  tentacles  are  regarded  as 
radiroentary  representative  of  the  tentacular  crown  of  the  Polyzoa.  Pro- 
Wy  the  most  correct  view  of  the  homologies  of  the  Tunicata  is  taken  by 
Dfleston,  who  regards  the  "  branchial  sac  "  as  the  homologue  of  the  gills 
die  ordinary  Bivalve  Molluscs  {LameUibranchiata\  whilst  the  oral  and 
rill  apertures  are  looked  upon  as  corresponding  to  the  respiratory  aper- 
res  of  these  same  animals. 

Upon  the  whole  the  systematic  position  of  the  Tunicata  must  be  looked 
on  as  still  unsettled  ;  though  they  are  generally  referred  either  to  the  Mol- 
(if«  or  to  the  "  Worms. "  A  few  naturalists  regard  them  either  as  a  special 
np  intermediate  between  **  Vermes  "  and  Vertebrata^  or  as  actually  be- 
igug  to  the  latter  sub-kingdom. 

Distribution  of  the  Tunicata  in  Space  and  Time. — 
le  Tunicaries  are  exclusively  marine  in  their  distribution, 
d  are  principally  littoral  and  shallow-water  forms,  though 
ne  are  found  at  considerable  depths,  and  many  are  pelagic 
habit  The  singular  Salpidce  have  the  branchial  and  atrial 
ntures  placed  at  opposite  ends  of  the  body,  and  are  found 
mming  in  the  open  sea,  often  in  immense  shoals.  The 
^cndicularia^  with  their  permanent  larval  tails,  are  likewise 
anic,  as  is  the  cask-shaped  Doliolum,     Lastly,  in  Fyrosoma^ 

2  A 
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we  have  a  singular  compound  oceanic  Tunicate,  in  which  the 
numerous  zooids  form  a  tubular  colony,  which  is  propelled 
through  the  water  by  the  united  excurrent  respiratoiy  jets 
of  its  component  members.  Like  the  Salpians,  it  is  brilUantly 
phosphorescent 

On  the  other  hand,  the  more  typical  Tunicates  aie  fand 
attached  to  all  kinds  of  submarine  objects,  or  (as  in  PdmtUj 
imbedded  in  mud. 

No  Tunicates  are  known  with  certainty  to  have  been  flfr 
served  in  the  fossil  condition,  but  the  singular  Silurian  gem 
Pasceolus  has  been  doubtfully  referred  to  this  class. 


CHAPTER    XLIV. 
BRACHIOPODA. 


Class  III. — Brachiopoda  {Palliobranchiatd). — ^The  membeis 
of  this  class  are  defined  by  the  possession  of  a  body  protectd 
by  a  bivalve  shelly  which  is  lined  by  an  expansion  of  the  initg- 
ument,  or  "  mantle,^*  The  mouth  is  furnished  with  two  It^ 
cirriferotts  arms.  The  nervous  system  consists  of  a  sifi^ 
ganglion,  plcued  in  the  re-entering  angle  between  the  gullet  m 
the  rectum,  so  that  the  intestine  has  a  "  neurcU flexure  J* 

The  Brachiopoda  are  essentially  very  similar  in  structure  to 
the  Folyzoay  from  which  they  are  distinguished  by  the  fact  that 
they  are  never  composite,  and  by  the  possession  of  a  bivalve, 
calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  "  Lamp-shells,"  and  are  all  inhabitants  of  the  sea.  All  the 
living  forms,  except  Lingula  pyramidata,  are  fixed  to  some 
solid  object  in  their  adult  condition ;  but  there  is  good  reason 
to  believe  that  many  of  the  fossil  forms  were  unattached  and 
free  in  their  fully-grown  condition.  From  the  presence  of  a 
bivalve  shell,  the  Brachiopods  have  often  been  placed  near  the 
true  bivalve  Mollusca  (the  Lamellibranchiata),  but  their  organi- 
sation is  very  much  inferior,  and  there  are  also  sufficient  dif- 
ferences in  the  shell  to  justify  their  separation. 

The  two  valves  of  the  shell  of  any  Brachiopod  (figs.  i8S» 
187)  are  articulated  together  by  an  apparatus  of  teeth  and 
sockets,  or  are  kept  in  apposition  by  muscular  action  alonfc 
One  of  the  valves  is  always  slightly,  sometimes  greatly,  laigff  \ 
than  the  other,  so  that  the  shell  is  said  to  be  "  inequivalvt;^*  j 
As  regards  the  contained  animal,  the  position  of  the  valves  il  | 
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r  and  posterior,  so  that  they  are  therefore  termed  re- 
«Iy  the  "  venttal "  and  "  dorsal "  valves.     In  the  ordi- 


""'iim'. 


valve  Moliusca  (LamellOiranchiald),  on  the  other  hand, 
0  valves  of  the  shell  are  usually  of  the  same  size 
live),  and   they  are  situated  upon   the  sides  of  the 


;  so  that,  instead  of  being  dorsal  and  ventral,  they  are 
imed  "right"  and  "left"  valves.     The  ventral  valve 
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in  the  shell  of  the  Brachiopoda  is  usually  the  largest,  ai 
usually  possesses  a  prominent  curved  beak.  The  beak  (fig 
185,  187)  is  often  perforated  by  a  "foramen,"  or  termin; 
aperture,  through  which  there  is  transmitted  a  muscuk 
peduncle,  whereby  the  shell  is  attached  to  some  foreig 
object.  In  some  cases,  however  (as  in  Lingular  fig.  186),  £ 
peduncle  simply  passes  between  the  apices  of  the  valves,  m 
there  is  no  foramen ;  whilst  in  others  (as  in  Crania^  fig.  186 
D)  the  shell  is  merely  atttached  by  the  substance  of  thi 
ventral  valve.  The  dorsal  or  smaller  valve  is  always  free 
and  is  never  perforated  by  a  foramen. 

In  intimate  structure,  the  shell  of  most  of  the  Brachiopoda  consists  "0 
flattened  prisms,  of  considerable  length,  arranged  parallel  to  one  anothe 
with  great  regularity,  and  at  a  very  acute  angle— usually  only  about  w' 
or  12** — with  the  surfaces  of  the  shell  "  (Carpenter).  In  most  cases,  ils<n 
the  shell  is  perforated  by  a  series  of  minute  canals,  which  pass  from  om 
surface  of  the  shell  to  the  other,  in  a  more  or  less  vertical  directifliii 
usually  widening  as  they  approach  the  external  surface.  These  cuttli 
give  the  shells  a  "punctated"  structure,  and  in  the  living  animal  thq 
contain  caical  tubuli,  or  prolongations,  from  the  mantle,  which  are  coo- 
sidereil  by  Huxley  as  analogous  to  the  vascular  processes  by  whidi  ii 
many  Ascidians  the  muscular  tunic,  or  **  mantle,"  is  attached  to  theouta 
tunic,  or  *'test."  In  some  of  the  Brachiopoda  (as  in  the  Rhymhoneliii^ . 
the  shell  is  **impunctate,"  or  is  devoid  of  this  singular  canal  s>'stem. 

Though  characteristically  calcareous,  the  shell  of  the  Brachiopoda  mij 
sometimes  be  largely  composed  of  homy  matter  (as  in  Discina) ;  or  ihd 
carbonate  of  lime  in  the  homy  shell  may  be  almost  wholly  replaced  b) 
phosphate  (as  in  Lingttia). 

The  inner  surface  of  the  valves  of  the  shell  is  lined  byci 
pansions  of  the  integument  which  secrete  the  shell,  and  an 
called  the  "  lobes  "  of  the  "  pallium,"  or  "  mantle."  The  diges 
tive  organs  and  muscles  occupy  a  small  space  near  the  bcal 
of  the  shell,  which  is  partitioned  off  by  a  membranous  septum 
which  is  perforated  by  the  aperture  of  the  mouth.  The  « 
mainder  of  the  cavity  of  the  shell  is  almost  filled  by  two  kwt 
oral  processes,  which  are  termed  the  "  arms,"  and  from  whid 
the  name  of  the  class  has  been  derived  (fig.  187,  D).  Thcs 
organs  are  lateral  tubular  prolongations  of  the  margins  of  th 
mouth,  usually  of  great  length,  closely  coiled  up,  and  fringed 0 
one  side  with  ciliated  lateral  processes,  or  "  cirri."  In  man 
Br^chiopods  the  arms  are  supported  upon  a  more  or  less  coo 
plicated  internal  calcareous  framework  or  skeleton,  which 
sometimes  called  the  "  carriage-spring  apparatus,"  and  whk 
in  many  extinct  forms  is  coiled  into  a  shelly  spiral 

The  mouth  conducts  by  an  oesophagus  into  a  disdn 
stomach,  surrounded  by  a  well-developed  granular  liver.  T 
intestine  has  a  **  neural  flexure,"  and  **  either  ends  blindly 
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the  middle  line,  or  else  tenninates  in  a  distinct  anus  between 
aiepalUal  lobes"  (Huxley). 
Within  the  pallial  lobes  there  is  a  remarkable  system  of 


Ids  new  of  the  domi  val< 
m.    CIiiDerv;ci.ti(ih> 

W  bcmlt,  through  which  ihc 


.  ---, Ik  ot  uttiichDKnt  pous.    D,  Loi^iiudinHi 

_u  mui^iKuHin  tji  ttx  AnLnuil,  ihDWJDg  the  tpinl  mmm{a).  Ihe  stomach  (i),  and 
dvliieU),  At /it  Ihe  opening  in  Ihc  beak,  with  Iheualkof  aliiduiient  (fipast- 
■(thinwri  [[.  (After  DiTidton  and  Owen.)  Some  details  have  been  omiited  in 
fp.  B,  C,  and  D,  (oi  Iba  >ake  of  clEarneu. 

koie  oz  less  branched  excretory  tubes,  anastomosing  with  one 
tootlKr,  and  ending  in  cxcal  extremities.  This,  which  has 
ixea  termed  by  Huxley  the  "atrial  system,"  communicates 
ridi  the  perivisceral  cavity  by  means  of  two  or  four  organs 
c  called  "  pseudo-hearts,"  and  which  were  at  one  time 
I  to  be  true  hearts,  but  which  are  now  known  to  be 
nimected  with  reproduction. 

"Eieh  pseodo-beart  is  divided  inio  a  narrow,  elongaled,  eilemal  por- 
ion  (the  ao-called  'ventricle'),  which  communicates,  as  Ur  Hancock  haa 
iDRd,  bj  a  muill  apical  aperture,  with  Ihe  pallial  cavity ;  and  a  broad, 
■nel-ihaped,  inner  division  (the  so-called  'auricle')  communicating,  on 
tone  hand,  by  a  conitricted  neck,  with  Ihe  so-called  'ventricle ;'  and, 
I  the  other,  by  a  wide  patent  mouth,  with  a  chamber  which  occupiei  moU 
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of  the  cavity  of  the  body  proper,  »nd  senda  more  or  le»  branched  iinr- 
ticuU  into  the  palllul  lobes  "  (Huxley).  This  system  of  the  UrUl  omli 
has  been  lookol  upon  as  a  ludimentaiy  respiratory  appanUnt;  bnl  in 
function  is  cnore  probably  to  act  as  an  encrttory  organ,  and  it  coVinij 
serves  also  to  convey  away  the  reproductive  elements,  the  o^ant  for  wUdi 
are  developed  in  various  parts  of  its  walls.  By  Rolleitoit  the  pseodislMUti 
are  looked  upon  as  corresponding  with  the  so-called  "oiguk  of  BajuHi 
of  the  Lamiuibrantlaata. 

The  function  of  respiration  is  probably  peifonned,  mainlf, 
if  not  entirely,  by  the  cirriferotis  oral  arms,  as  it  appears  chidf 
to  be  by  the  homologous  tentacular  crown  of  the  Polytea.   A 


_ _ __  anctd.  Jhowing  

\\  f  Peduncle;  w  Veniral  valve  of  jh»ll :  d  l>oml  »»]« 
Inlcstilte;  J  ScIC  IprinEinK  from  the  edfc  of  t}ie  m 
aorsai  vuve-    [All  ilw  &pira  JVC  highly  magiiiAcd.) 

unilocular  heart  is  present  in  some,  but  apparently  not  in  il 
of  the  Brach'wpmla ;  and  the  circulation  seems  to  be  maiilj 
carried  on  through  t!ie  interstices  between  the  tissues. 

The  nervous  system  consists  of  a  principal  ganglion  of  M 
great  size,  placed  in  the  re-entering  angle  between  the  guUS 
and  the  rectum.  In  those  Brachiopods  in  which  the  valves  of 
the  shell  are  united  by  a  hinge,  the  nervous  system  attains  a 
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reater  development^  and  consists  of  a  gangliated  oesophageal 
oUar. 

Tbe  sexes  in  the  Brachiopoda  appear  to  be  ordinarily  distinct,  but  in 
nefonns  they  are  asserted  to  be  united  in  the  same  individual.  As 
Bids  the  process  of  development  in  the  class,  we  may  take  as  a  type 
vAratmlina  septtntrionalis^  the  metamorphoses  of  which  have  been  most 
1I7  worked  out  by  Professor  Morse.  In  this  form,  the  earliest  embryo  is 
cUiated  planula  (fig.  188,  A),  which  swims  about  actively,  and  soon  (B) 
liibitt  a  division  into  three  r^ons  or  segments,  which  rapidly  become 
(Meconroicuous  (C).  Of  these  segments,  the  most  inferior  (/)  becomes  the 
tare  peduncle,  and  serves  to  attach  the  embryo  to  some  foreign  body  (D). 
be  middle  s^ment  then  enlarges,  and  partially  encloses  the  anterior  seg- 
eat  (E  and  F),  the  latter  ultimately  being  withdrawn  entirely  within  the 
nner,  which  becomes  converted  into  the  shelUsecreting  pallial  lobes.  Next 
t  arms  begin  to  bud  out  of  the  sides  of  the  mouth  (G),  forming  at  first 
dicular  crown  of  cirri  (^),  which  forcibly  calls  to  mind  the  orbicular 
•phophore  of  the  Gymnobematous  Polyzoa.  The  peduncle,  at  first  long 
5  fai  Lingula\  becomes  rapidly  shorter  (I),  and  the  oral  crown  of  tentacles 
ioomes  distinctly  horse-shoe-shaped  (J),  thus  strikingly  resembling  the 
milarly-shaped  lophophore  of  the  **  Hippocrepian  "  Polyzoa,  The  cir- 
ited  "arms**  of  the  adult  are  finallv  produced  by  the  growth  and  devel- 
pment  of  the  free  end  of  the  horse-snoe. 

AiTiNiTiES  OF  THE  BRACHIOPODA. — Great  differences  of  opinion  exist 
:  the  present  day  as  to  the  affinities  and  precise  systematic  position  of  the 
'ncktopoda ;  but  it  is  impossible  to  do  more  here  than  merely  point  out 
Kie  differences.  The  relationship  of  the  Brachiopods  to  the  Polyzoa  is 
imitted  on  all  hands  to  be  very  close ;  and  we  may  regard  the  encrusting 
embers  of  the  latter  class  as  being  "communities  of  Brachiopods,  the 
tlv«s  of  which  are  continuous  and  soldered  together,  the  flat  valve  form- 

S\  the  united  floor,  whilst  the  convex  valve  does  not  cover  the  ventral 
ve,  bat  leaves  an  opening  more  or  less  ornamented  for  the  extension 
the  lophophore  *'  (A.  Agassiz).  Until  recently,  most  naturalists  have 
U  that  both  these  groups  had  strongly-marked  relationships  with  the 
VHtUibranckiatcL,  and  many  still  adhere  to  this  view.  On  the  other  hand, 
e  view  has  been  gaining  ground,  that  these  groups  are  to  be  regarded  as 
opriiiiig  modified  worms,  and  they  are  often  placed  in  the  immediate 
ignbourhood  of  the  Anndida.  The  chief  grounds  for  this  view  are  to  be 
ind  in  the  similarity  of  the  development  of  the  Polyzoans  and  Brachio- 
ds  to  that  of  the  Annelides,  as  shewn  by  the  elaborate  researches  of 
Xie  and  Kowalewsky.  Apart  from  embryological  likeness,  one  of  the 
at  striking  links  between  the  Brachiopods  and  the  Annelides  is  the 
enant  JJngula  pyramidata — the  genus  Lingtila  being  itself  an  aberrant 
le.  This  curious  form  (fig.  180,  A),  as  described  by  Morse,  differs 
m  its  congeners  in  not  being  fixed,  but  in  living  free  m  the  sand.  Its 
londe  is  long  and  wormlike,  hollow,  and  highly  contractile,  and  its 
rer  end  is  encased  in  a  sand-tube,  resembling  that  of  a  Tubicolous  An- 
ide.  Whilst  it  must  be  freely  admitted  that  the  affinities  between  the 
ackiopoda  and  the  Annelida  are  much  closer  than  any  outward  resem- 
Dce  between  the  two  would  lead  us  to  expect,  a  sufficient  case  for  the 
loval  of  the  former  from  the  Mollusca  has  hardly  been  made  out,  except  in 
view  of  those  who  place  a  supreme  value  upon  embryological  characters 
Jassification. 

>IVISI0NS  OF  THE  BRACHIOPODA. — The  Brachiopoda  may  be  divided 
>  the  two  ordexs  of  the  InarticiUata  (or  Tretenierata)  and  the  Articulata 
ClisUnieraia). 
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Inlhefirat  o(  \heae  tijAtm  (Inartkttlata),  the  nlrea  of  the  dMOtitna 
nnited  alung  the  hinge-line,  (he  muitle-lobei  we  comidetelT  free,  ud  ih 
inteiiine  terminuea  in  a  distinct  anus.  In  thii  diviiiod  are  indndcdiki 
three  TaTnilies  of  the  Craniada,  Ditcmida,  and  Liimlid* — all  ■nrj  anciM, 
and  all  lepiesented  at  the  pieienE  day  bjr  living  fomu — together  widl  thi 
Silurian  family  of  the  TrimtnlUdit. 

In  the  second  order  {Artimlata),  the  valves  of  the  ibell  aie  snilidti; 
teeth  along  the  hinge-line,  the  lobes  of  the  mantle  are  Dot  completely  (rec 
and  the  intestine  ends  blindly.  In  (hit  division  are  inclndca  the  Irriq 
bmilies  of  the  Terdiratutida,  Rhyntkatullida,  and  the  Thminim,  Md  lb 
extinct  famtties  of  the  Sfinfrndir,  PaUameridm,  StreflumuiuJm,  aadAi 
diKlida.  In  ihe  <int  two  of  these  famtliet  the  anns  •»  npponed  vfm. 
shelly  loop,  of  variable  shape  and  sue  (fig.  187,  B) ;  whilst  u  mow  cf  dl 
extinct  Rhynehandlidtt  and  in  Ihe  Spiriffridx,  the  anns  were  npponed  b 
large  spiral  ly-coiled  calcareous  lamellx  (iig.  189). 


Distribution  of  Brachiopoda  in  Space, — All  thckn( 
Brachiopods  live  in  the  sea,  and  though  very  local  in  t' 
distribution,   they  may  be  said  to  have  a  very  wide  n 
Though   sometimes    found   between    tide  -  marks,    and  i 
commonly  in  comparatively  shallow  water,  tliey  are  essen' 
deep-water  foims,  living  most  generally  in  depths  of  fron 
to  500  fathoms.     A  few  forms  have  been  found  at  dcp 
from  2000  to  over  3500  fathoms.     About  100  species  of 
Brachiopods  are  known. 

DcsTRiBiTTioN  OF  Brachiopoda  in  Time. — The  B 
poda  are  found  from  the  Cambrian  Rocks  up  to  the  ' 
day,  and  present  us  with  an  example  of  a  group  which  ; 
to  be  slowly  dying  out.     Nearly  four  thousand  extinct 
have  been  described,  and  the  class  appears  to  have 
its  maximum  in  the  Silurian  epoch,  which  is,  for  this 
sometimes    called    the    "  Age   of  Brachiopods."      N 
genera  and  species  are  found  also  in  both  the  Devc 
Carboniferous  formations.     In  the  Secondary  Rocks 
poda  are  still  abundant,  though  less  so  than  in  the  ' 
period.     In  the  Tertiary  epoch  a  slill  further  diminu 
place,  and  at  the  present  day  we  are  not  acquainted 
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imdred  living  forms.  Of  the  families  of  Brachiopoday 
hicUdm^  Strophomenida,  and  SpiriferidcR  are  the  more 
It  extinct  types.  Of  the  genera,  the  most  persistent 
;enus  Lttigula^  which  commences  in  the  Cambrian 
ind  has  maintained  its  place  up  to  the  present  day, 
t  appears  to  be  gradually  dying  out. 
ding  to  Woodward : — "  The  hingeless  genera  attained 
xiroum  in  the  Palaeozoic  age,  and  only  three  now  sur- 
^uia^I>isdna^  Crania) — the  representatives  of  as  many 
families.  Of  the  genera  with  articulated  valves,  those 
1  with  spiral  arms  appeared  first,  and  attained  their 
n  while  the  Terebratulida  were  still  few  in  number, 
idivision  with  calcareous  spires  disappeared  with  the 
period,  whereas  the  genus  Rhynchonella  still  exists. 
he  typical  group,  Terebratulida^  attained  its  maximum 
balk  period,  and  is  scarcely  yet  on  the  decline." 
e.&milies  of  the  Brachiopoda^  the  Productida  and 
umda  are  exclusively  Palaeozoic.  The  Spiriferidce 
9^-  Palaeozoic,  but  extend  into  the  Lias,  where  they 
iaoppear.  The  Linguiidce  commence  in  the  Cambrian 
ind  have  survived  to  the  present  day.  The  Rhyncho- 
Craniada^  and  Disdnida  commence  in  the  Silurian 
md  are  represented  by  living  forms  in  existing  seas. 
xidiidiE  extend  from  the  Trias  to  the  present  day ;  and 
hratulidiB  appear  to  commence  in  the  Upper  Silurian, 
wdl  represented  by  living  forms. 
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CHAPTER  XLV. 
LAMELUBRANCHIA  TA. 

Division  II.  Mollusca  Proper. — ^This  division  includes  t 
members  of  the  sub-kingdom  Mollusca  in  which  the  tm 
system  consists  of  three  principal  pairs  of  ganglia  ;  andik 
always  a  well-developed  hearty  which  is  never  composed  of) 
than  two  chambers. 

The  Mollusca  proper  may  be  roughly  divided  into  two  j 
sections,  respectively  termed  the  Acep/uila  and  the  Ence^ 
(or  Cephalophora),  characterised  by  the  absence  or  presen 
a  distinctly  differentiated  head.  The  headless,  or  Acepha 
Molluscs  correspond  to  the  class  Lamellibrcmchiata  ;  alsc 
tinguished,  at  first  sight,  by  the  possession  of  a  bivalve  { 
The  Encephalous  Molluscs  are  more  highly  organised,  an< 
divided  into  three  classes — viz.,  the  Gasteropoda^  the  Ptero^ 
and  the  CephcUopoda,  The  shell  in  these  three  classes 
very  various  nature,  but  they  all  possess  a  singular  and 
plicated  series  of  lingual  teeth ;  hence  they  are  groupei 
gether  by  Professor  Huxley  under  the  name  of  Odontopho 

Class  I.  Lamellibranchiata,  or  Conchifera  {Pelecyp 
— The  members  of  this  class  are  characterised  by  the  absei 
a  distinctly  differentiated  head,  and  by  Iiaving  the  body  mo 
less  completely  protected  in  a  bivalve  shell.  There  are  one  m 
lamellar  gills  on  each  side  of  the  body,  the  intestine  has  a  m 
ffexure,  and  there  is  no  odontophore. 

The  Lamellibraiuhiata  are  commonly  known  as  the  "  biva 
shell-fish,  such  as  Mussels,  Cockles,  Oysters,  Scallops, 
and  they  are  all  either  marine  or  inhabitants  of  fresh  wate 

Though  they  agree  with  the  Brachiopoda  in  possess! 
shell  which  is  composed  of  two  pieces  or  valves  (small  a 
sory  plates  are  present  in  Pholas,  &c.),  there  are,  neverth 
many  points  in  which  the  shell  of  a  Lamellibranch  is  i 
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ed  from  that  of  a  Brachiopod,  irrespective  of  the  great 
snce  in  the  structure  of  the  animal  in  each.  The  shell 
i  Br€ichiopoda^  as  we  have  seen,  is  rarely  or  never  quite 
live,  and  always  has  its  two  sides  equally  developed 
ateral);  whilst  the  valves  are  placed  antero-posteriorly 
ipards  the  animal,  one  in  front  and  one  behind,  so  that 
ire  "dorsal"  and  "ventral"  In  the  LamelHbranchiaiay 
\  other  hand,  the  two  valves  are  usually  of  nearly  equal 
^uivalve),  and  are  more  developed  on  one  side  than  on 
her  (inequilateral) ;  whilst  their  position  as  regards  the 
I  is  always  latercU^  so  that  they  are  properly  termed 
: "  and  "  left  "  valves,  instead  of  "  ventral "  and  "  dorsal/' 
\  to  be  remembered,  however,  that  many  of  the  Bivalves, 
IS  the  Oysters,  habitually  lie  on  one  side,  in  which  case 


B 


»— Left  valve  of  Cytkerta  chion*.  (After  Woodward.)  A,  Anterior  margin. 
oMehor  margin.  C,  Ventral  margin  or  base ;  u  Umbo  ;  h  Ligament ;  /  Lunule ; 
rdinal  tooth;  //  Lateral  teeth;  a  Anterior  adductor;  of  Posterior  adductor; 
Ifial  line ;  «  Pallial  sinus,  caused  by  the  retractor  muscles  of  the  siphons. 


Ives,  though  really  right  and  left,  are  called  "upper"  and 
xP  It  is  to  be  borne  in  mind  also,  that  the  two  valves, 
illy  in  the  attached  Bivalves,  may  be  very  unsymmetrical, 
Ivc  being  much  larger  or  deeper  than  the  other.  Lastly, 
ire  some  cases  {e,g,^  Pectunculus)  in  which  the  shell  be- 
very  nearly  equilateral,  the  line  drawn  from  the  beaks 
base  dividing  the  shell  into  two  almost  equal  halves. 
following  are  the  chief  p>oints  to  be  noticed  in  connection 
le  shell  of  any  Lamellibranch  (fig.  190) :  Each  valve  of 
2II  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
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of  which  is  turned  more  or  less  to  one  side ;  so  that  more  oi 
the  shell  is  situated  on  one  side  of  the  apex  than  on  the  other. 
The  apex  of  the  valve  is  called  the  "  umbo,"  or  "  beak,"  and 
is  almost  always  turned  towards  the  mouth  of  the  animal 
Consequently,  the  side  of  the  shell  towards  which  the  umbones 
are  turned  is  the  "anterior"  side,  and  it  is  usually  the  shortest 
half  of  the  shell.  In  some  Bivalves,  however,  the  beaks  are 
"  reversed,"  and  are  turned  towards  the  posterior  side  of  the 
shell.  The  longer  half  of  the  shell,  from  which  the  umbones 
turn  away,  is  called  the  "posterior"  side,  but  in  some  cases 
this  is  equal  to,  or  even  shorter  than,  the  anterior  side.  The 
side  of  the  shell  where  the  beaks  are  situated,  and  where  the 
valves  are  united  to  one  another,  is  called  the  "dorsal "side; 
and  the  opposite  margin,  along  which  the  shell  opens,  is  called 
the  "ventral"  side,  or  "base."  The  ienph  of  the  shell  is 
measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another, 
for  a  shorter  or  longer  distance,  along  a  line  which  is  called 
the  "  hinge-line."  The  union  is  effected  in  most  shells  by 
means  of  a  series  of  parts  which  interlock  with  one  another 
(the  "  teeth  "),  but  these  are  sometimes  absent,  when  the  shell 
is  said  to  be  "  edentulous."  Posterior  to  the  umbones,  in 
most  Bivalves,  is  another  structure  passing  between  the  \'alvcs, 
which  is  called  the  "  ligament,"  and  which  is  usually  composed 
of  two  parts,  either  distinct  or  combined  with  one  another. 
These  two  parts  are  known  as  the  "external  ligament"  (or  the 
ligament  proper)  and  the  "  cartilage,"  and  they  constitute  the 
agency  whereby  the  shell  is  opened,  but  one  or  other  of  the© 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to 
the  other  just  behind  the  beaks,  in  such  a  manner  that  it  is  pot 
upon  the  stretch  when  the  shell  is  closed.  The  cartilage,  or 
internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "  pits,"  or  in  special  processes 
of  the  shell.  It  consists  of  elastic  fibres  placed  perpendico- 
larly  between  the  surfaces  by  which  it  is  contained,  so  that  they 
are  necessarily  shortened  and  compressed  when  the  valves  are 
shut.  To  open  the  shell,  therefore,  it  is  simply  necessary  foi 
the  animal  to  relax  the  muscles  which  are  provided  for  4e 
closure  of  the  valves,  whereupon  the  elastic  force  of  the  lig* 
ment  and  cartilage  is  sufficient  of  itself  to  open  the  shell 

Generally  the  hinge-line  is  curved,  but  it  is  sometimes  straight 
The  beaks  are  mostly  more  or  less  contiguous,  but  they  ma] 
be  removed  from  one  another  to  a  greater  or  less  distance,  an< 
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aoomalous  forms  they  are  not  near  one  another  at  all 
Ireada  the  two  beaks  are  separated  from  one  another 
lal  or  lozenge-shaped 
ce  or  area.  When 
!  present,  they  differ 
I  their  form  and  ar- 
Db  In  some  forms 
\  the  teeth  are  divi- 
»  three  sets  —  one 
"  one  or  more  teeth, 
mmediately  beneath 
3^  and  known  as  the 
il  teeth ;  "  and  two 
n  either  side  of  the 
^  termed  the  "lat- 
1."  Sometimes  there 
lateral  teeth  only; 
n  the  cardinal  teeth 
t  present;  and  in 
•es  {Armada)  there  is 
if  similar  and  equal 

lod^  in  the  Lamelli- 
fa  IS  always  enclosed 
mansion  of  the  dorsal 
Sit,  which  constitutes 
intle,"  or  "pallium," 
the  shell  is  secreted. 
9  of  the  mantle  are 
1  left,  and  not  ante- 
posterior  as  are  the 
>l>e8  of  the  Brachio- 
Owards  its  circumfer- 
t  mantle  is  more  or 
pletely  united  to  the 
iving  in  its  interior, 
e  soft  parts  are  re-  j 
a  more  or  less  dis- 
apressed  line,  which 
the  "  pallial  line," 
sk>n"  (fig.  194). 
is  no  distinctly  differ- 
bead  in  any  of  theZa- 
iMata,  and  the  mouth  is  simply  placed  at  the  anterior 
f  of  the  body.    It  is  furnished  with  ciliated  and  tactile 


_.„     _,..      initomr  of  B  biviliu  MpUuic 
-   ■^^  "'"TtinA  half  Ihe  JiAoni  "m  n- 

alinjE  IM  diRction  oT  th«  cur- 
AdSncior  muKla;  t  GilU;  M 

douth,  juiTQunded  by(»  l>tH>l 
pslpi :  /  Fnnt ;  v  Anin :  n  Cut  cdie  al  itu 
-juiUe.    'After  Wmdward.) 
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membranous  processes  or  "  palpi "  (usually  foot  ii 
but  there  is  no  dental  apparatus.  The  mouth  o 
gullet,  which  craduc 
tinct  stomach.  On 
side  of  the  stomach, 
ing  into  it,  is,  in  mB 
blind  sac  contaioing 
transparent  glassy  b 
is  known  as  the  "  dji 
let,"  but  the  fuDctioi 
are  absolutely  unkiu 
intestine  has  its  fi 
neural,  generally  per 
wall  of  the  heart,  and 
posteriorly  in  a  dis 
which  is  always  place 
respiratory  aperture. 
is  large  and  well  dev' 
there  are  no  salivary 
There  is  always 
heart,  composed  eii 
auricle  and  ventricle 
auricles  and  a  venta 
ventricle  propels  the 
I  to  the  arteries,  by  < 

distributed  through 
,   From  the  arteries  it 
:  the  veins,  and  is  coi 
i  the  gills,  where  it 
'  and  is  finally  returr 

The  respiratory  organs  in  all  the  LamelHbranehi 
typically  of  two  lamelliforra  gills,  placed  on  each  ; 
body  (fig.  191,  b  and  fig,  192,^).  In  some  cases  tl 
one  gill  OQ  each  side  of  the  body,  the  external  pair  c 
being  absent.  The  gills  are  in  the  fonn  of  membrar 
composed  usually  of  tubular  rods,  which  support  a 
capillary  vessels,  and  are  covered  with  vibrating  cilia, 
circulation  of  the  water  is  maintained  over  their  su 
some  bivalves  the  margins  of  (he  mantle  are  united 
other,  so  that  a  closed  branchial  chamber  is  product 
the  others  the  arrangements  for  the  admission  of  Ire 
expulsion  of  effete  water  are  equally  perfect,  though 
such  chamber.  In  those  in  which  the  mantle-lobes  U 
their  margins,  there  are  two  orifices,  one  of  which  senr 
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h  water,  whilst  the  effete  water  is  expelled  by  the  other. 
I  maigins  of  these  '*  inhalant "  and  "  exhalant "  apertures 
dten  drawn  out  and  extended  into  long  muscular  tubes 
'siphons,"  which  may  be  either  free,  or  may  be  united  to 
another  along  one  side  (fig.  igiy  ss\  and  which  can  usually 
Mrtially  or  entirely  retracted  within  the  shell  by  means  of 
ial  muscles,  called  the  "  retractor  muscles  of  the  siphons." 
se  siphons  are  more  especially  characteristic  of  those  La- 
ibranchs  which  spend  their  existence  buried  in  the  sand, 
Hiding  their  respiratory  tubes  in  order  to  obtain  water,  and 
I  it  such  nutrient  particles  as  the  water  may  contain.  The 
ence  or  absence  of  retractile  siphons  can  be  readily  deter- 
ed  merely  by  inspection  of  the  dead  shell.  In  those 
hres  in  which  siphons  are  not  present,  or  if  present  are  not 
ictile,  the  ''  pallial  line  "  in  the  interior  of  the  shell  is  un- 
cen  in  its  curvature,  and  presents  no  indentation  {Integro- 
hlid).  In  those,  on  the  other  hand,  in  which  retractile 
lOiis  exist,  the  pallial  line  does  not  run  in  an  unbroken 
re,  but  is  deflected  inwards  posteriorly,  so  as  to  form  an 
aitation  or  bay,  which  is  termed  the  ''pallial  sinus,"  or 
jriional  impression,"  and  is  caused  by  the  insertion  of  the 
actor  muscle  of  the  siphon.  Those  bivalves  in  which  this 
IS  exists  form  the  section  Sinupailialia  (fig.  193,  2). 
lie  nervous  system  of  the  Lamellibranchiata  is  composed 


^  «93.— -Shglls^  of  Lamellibranchiata.  x.  Cychu  amnica^  a  dimyaiy  shell  with  an 
adra  podlial  line.  a.  Ta^s  puUastra^  a  dimyary  shell  with  an  indented  pallial 
nw.  3.  Perma  e/kt^um,  a  monomyary  shell  (after  Woodward),  a  Pallial  line  ; 
'  If  woilar  imprenioDS  left  by  the  adductors ;  c  Siphonal  impression. 

|he  three  normal  ganglia — the  cephalic,  the  pedal,  and  the 
ieto  -  splanchnic  or  branchial  The  principal  organs  of 
se  are  the  tactile  labial  palpi,  otocysts,  and  eye-spots.  The 
cysts  are  not  always  present,  and  the  ocelli,  when  present, 
almost  always  placed  round  the  edge  of  the  mantle, 
rhe  so-called  ''  oigan  of  Bojanus  "  of  the  bivalves  is  doubt- 
I  mainly  concern^  in  excretion,  and  in  all  probability  re- 
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presents  the  kidney.  There  is  one  of  these  oigani 
side  of  the  body,  each  composed  of  two  sacs  sepaia 
those  of  the  opposite  side  by  a  venous  sinus.  Or  it 
looked  upon  as  a  double  organ  composed  of  two  t 
symmetrical  halves.  It  is  situated  just  below  the  ' 
dium/'  and  communicates  with  it,  and  also  with  the 
cavity.  Though  undoubtedly  peiforming  the  functi 
kidney,  the  organ  of  Bojanus  is  also  connected  in  so 
with  reproduction,  and  it  appears  to  correspond  to  the  * 
hearts  "  of  the  Brachiopoda, 

The  majority  of  the  bivalves  are  dioecious,  but  in 
sexes  are  united  in  the  same  individual.  The  y 
hatched  before  they  leave  the  parent,  and  are,  w 
liberated,  free-swimming,  and  furnished  with  a  single  < 
ciliated  lobe,  constituting  what  is  called  the  "  velum," 
lash-like  filament  or  flagellum  is  also  often  present  1 
is  wanting  in  some  forms. 

The  muscular  system  of  the  Lamellibranchs  is  wi 
oped.  Besides  the  muscular  margin  of  the  mantle, 
muscles  of  the  siphons  (when  these  exist),  there  are 
sent  other  muscles,  of  which  the  most  important  are 
cles  which  close  the  shell  and  those  which  form  th( 
(figs.  191  and  192,/).  The  "  foot**  is  present  in  the 
of  bivalves,  though  it  is  not  such  a  striking  feature  j 
Gasteropoda,  It  is  essentially  a  muscular  organ,  d 
upon  the  ventral  surface  of  the  body,  its  retractor  mu 
ally  leaving  distinct  impressions  or  scars  (the  "  ped; 
sions  ")  in  the  interior  of  the  shell.  In  many  the  foot 
usually  compressed,  and  often  sickle-shaped,  subser 
motion,  but  in  the  attached  bivalves  it  is  rudimentar 
others  (as  in  the  Scallops)  locomotion  is  effected  by 
nate  opening  and  closure  of  the  valves.  In  some — su 
ordinary  Mussel — the  foot  is  subsidiary  to  a  special  gla 
secretes  the  tuft  of  silky  threads  ("  byssus  ")  whereby 
is  attached  to  foreign  objects.  This  gland  secretes 
material,  which  is  moulded  into  threads  by  grooves  < 
temal  surface. 

The  valves  of  the  shell  are  brought  together  by  01 
muscles,  which  are  called  the  "adductor  muscles 
bivalves  with  only  one  being  called  MonomyartA,  wh 
which  possess  two  are  termed  Dimyaria,  In  most  1 
two  adductor  muscles  {^%,  igi,a  a')  passing  between 
surfaces  of  the  valves,  one  being  placed  anteriorly  ii 
the  mouth,  the  other  posteriorly  on  the  neural  side  0 
testine.     In  the  monomyary  bivalves  the  posterior 
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le  which  remains,  and  the  anterior  adductor  is  absent 
luctors  leave  distinct  **  muscular  impressions  "  in  the 
of  the  shell,  so  that  it  is  easy  to  determine  whether 
IS  been  one  only  in  any  given  specimen,  or  whether 
&  present 

labits  of  the  JMnuliibranchiaia  are  very  various.  Some, 
the  Oyster  {Ostrea\  and  the  Scallop  {Pecten),  habitually 
»ne  side,  the  lower  valve  being  the  deepest,  and  the 
ng  wanting,  or  rudimentary.  The  former  is  fixed  by 
stance  of  the  valve,  but  the  latter  swims  by  rapidly 

and  closing  the  shell.  Others,  such  as  the  Mussel 
r)  and  the  Pinna,  are  attached  to  some  foreign  object 
iparatus  of  threads,  which  is  called  the  "  byssus,"  and 
ed  by  a  special  gland.     Others  are  fixed  to  some  solid 

the  substance  of  one  of  the  valves.  Many,  such  as 
IS,  spend  their  existence  sunk  in  the  sand  of  the  sea- 

in  the  mud  of  estuaries.     Others,  as  the  Pholades  and 
ni,  bore  holes  in  rock  or  wood,  in  which  they  live. 
many  are  permanently  free  and  locomotive. 
Lamdiibranchiaia  may  be  divided  into  two  sections, 
ig  as  respiratory  siphons  are  absent  or  present,  as  fol- 

ON  A.  AsiPHONiDA.  —  Animal  i^thout  respiratory 
;  mantle  -  lobes  free;  the  pallial  line  simple  and  not 
1  {Iniegropaiiiaiia). 

section  comprises  the  families  Ostradce^  AviculidcBy 
B,  ArcadcSy  TrigoniadcSy  and  UnionidcB, 

^treida  (including  the  Ojrsters,  Scallops,  Aftomupy  Thorny  Oysters, 
il  marine,  and  are  monomyary.  The  Amculida,  or  Pearl-Oysters, 
ise  marine,  but  are  dimyary.  The  Mylilida  (Mussels,  Horse- 
&c)  are  partially  marine  and  partially  fresh-water  forms,  and 
eiy  small  anterior  adductor.  The  Arcada  (Ark-shells,  &c. )  are 
Iy  marine,  as  are  the  nearly  allied  Trigoniada,  lastly,  the  Union" 
h«water  Mussels)  are  exclusively  confined  to  rivers  and  lakes. 

;0N  R  SiPHONiDA. — Animal  with  respiratory  siphons ; 
lobes  more  or  less  united. 

subdivisions,  of  little  classificatory  or  anatomical  value, 
iprised  in  this  section.  In  the  first  the  siphons  are  short, 
'  pallia/  line  is  simple  {Integropallialid) ;  as  is  seen  in 
lilies  Chamidce,  Hippuritida,  Tridacnidce,  Cardiada, 
'«,  Cydadida,  and  Cyprinidce, 

second  subdivision  {Sinupallialia)  is  distinguished  by 
session  of  long  respiratory  siphons,  and  /i  sinuated pallial 
\  it  comprises  the  families  Vaieridce,  Madrida,  Tellinidcs, 
t,  Myiuida^  Anatinidce,  Gastrochcstiida,  and  Pholadida, 

2  B 
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The  Chantida  (Thorny  Clams)  are  fixed  to  foreign  bodies  by  the  sub* 
stance  of  either  valve  indifferentlvi  and  are  all  inhabitants  of  the  sea. 
The  extraordinary  extinct  group  of  the  Hippuritida^  from  the  fossils  iso- 
ciated  with  them,  are  known  to  have  been  also  marine ;  and  they  are  oAci 
found  in  great  beds  like  Oysters,  attached  to  one  another  and  to  foicigB 
objects  by  the  beak  of  the  right  valve.     The  TridaciddmiSyvuiSiOMa^ 
have  a  similar  habitat,  and  the  shell  may  attain  a  weight  of  five  hundred 
pounds.     The  Cardiadie  (Cockles)  and  Lucinida  are  also  marine,  is  are 
the  Cyprinida;  but  the  Cycladida  are  fresh -¥^ter  and  brackish- witcr 
forms.     The  Venerida  (Clams)  are  amongst  the  most  beautiful  of  the  Bi- 
valves, and  are  found  in  all  seas,  attainuig  their  maximum  in  warn  iipoK 
The  Mactrida  (Trough-shells)  and  Tellinida  are  mostly  OMiine,  vaaA 
also  found  in  brackish  waters  ;  and  the  Solenida  (Rasor-shells),  My&dm^ 
and  Anatinida  are  essentially  marine,  thou^  fome  of  Hfyaddm  edcvt 
their  range  for  a  considerable  distance  abore  the  mouths  of  riven,    the 
Gastrocluenida  are  all  natives  of  the  sea,  and  have  a  burrowing  hahit,  hol- 
ing holes  for  habitation  in  rodcs,  or  living  in  the  mud.     Lastly,  the  f^^ 
adida  (Piddocks  and  Ship-worms)  bore  holes  in  stone  or  wood,  in  which 
they  live,  and  are  all  marine  in  habit.     The  Ship-worms  (Teni§)  hsie 
long  worm-like  bodies,  and  do  an  immense  amount  of  harm  by  boMfi 
combing  with  their  burrows  the  sides  of  ships,  or  other  wooden  stroctiRi 
immersed  in  the  sea. 

Distribution  of  the  Lamellibranchiata  in  Time.— The  j 
Lamellibranchs  are  known  to  have  existed  in  the  Uppo:  Cuh 
brian  period,  and  have  steadily  increased  up  to  the  present 
day,  when  the  class  appears  to  have  attained  its  maziniiii^ 
both  as  regards  numbers  and  as  regards  variety  of  type.    Tbe 
recent  bivalves  are  also  superior  in  organisation  to  those  wfaidk 
have  preceded  them.     Upon  the  whole,  the  Asiphonate  Mr 
valves  are  more  characteristically  Palxozoic,  whilst  those  i» 
which  the  mantle-lobes  are  united,  and  there  are  respiratoq 
siphons,  are  chiefly  found   in   the  Secondary  and  Tcrtiiiy 
epochs.      One  very  singular  and  aberrant  family — ^vii.,  die 
HippuritidcB — is  exclusively  confined  to  the  Secondary  rocbb 
and  is,  indeed,  not  known  to  occur  beyond  the  limits  of  tbe- 
Cretaceous  formation.     The  Venerida^  which  are  perhaps  thi.j 
most  highly  organised  of  the  families  of  the  LafneiiibratidMt^ 
appear  for  the  first  time  in  the  Oolitic  rocks^  and,  increasiii 
in  the  Tertiary  period,  have  culminated  in  the  recent  period. 


CHAPTER    XLVI. 
GASTEROPODA. 


Division  Encephala,  or  Cephalophora. — ^The  remaiiui_ 
three  classes  of  the  AloUusca  proper  all  possess  a  distincd^ 


^ 
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<iifierentiated  head,  and  all  are  provided  with  a  peculiar  masti- 
catory apparatus,  which  is  known  as  the  **  odontophore.''  For 
the  first  of  these  reasons  they  are  often  grouped  together  under 
the  name  EtuepheUa ;  and  for  the  second  reason  they  are 
united  by  Huxley  into  a  single  great  division,  under  the  name 
of  Odaniophara.  Whichever  name  be  adopted,  the  three  classes 
in  qoestion  (viz.,  the  Gasteropoda^  Pteropoda^  and  Cephalopoda) 
certainly  show  many  points  of  affinity,  and  form  a  very  natural 
division  of  the  Mollusca.  The  Pteropoda^  as  being  the  lowest 
dass,  should  properly  be  treated  of  first,  but  it  will  conduce  to 
a  dearer  understancUng  of  their  characters  if  the  Gasteropoda 
are  considered  first 

Class  IL  Gasteropoda  — The  members  of  this  class  are 
9eoor  included  in  a  bivalve  shell ;  locomotion  effected  by  means  of 
<  broad^  horizontally  flattened,  vmtral  disc — the  ^^foot;  "  or  by  a 
vertically  flattened^  ventral^  fin-like  organ.  Flexure  of  intestine 
kuudcf  neuraL 

This  class  includes  all  those  Molluscous  animals  which  have 
a  shell  of  a  single  piece,  and  are  commonly  known  as  ''  uni- 
irahres,"  such  as  the  land-snails,  sea-snails,  whelks,  limpets,  &c. 
"The  shell,  however,  is  sometimes  composed  of  several  pieces 
{multivalve),  and  in  many  there  is  either  no  shell  at  all,  or 
Mhing  that  would  be  generally  recognised  as  such.  In  none 
li  fliere  a  bivalve  shell.  The  Gasteropods  may  be  regarded  as 
the  most  typical  of  the  Mollusca,  though  not  the  most  highly 
Qiganised.  All  of  them  have  a  body  composed  of  three  prin- 
cqol  portions — a  head,  foot,  and  visceral  sac — the  last  of  Uiese 
hong  enclosed  in  the  integumentary  expansion  known  as 
tile  "mantle."  In  all,  except  the  few  sedentary  forms,  the 
■^Swt"  is  the  organ  of  locomotion. 

In  most  of  the  Gasteropoda  the  body  is  un symmetrical,  and  is 
Boiled  up  spirally,  "  the  respiratory  organs  of  the  left  side  being 
I— wily  atrophied "  (Woodward).  The  body  is  enclosed  in  a 
■"mantle,"  which  is  not  divided  into  two  lobes  as  in  the  Lamel- 
Urttnchiata,  but  is  continuous  round  the  body.  Locomotion 
•  effected  by  means  of  the  "  foot,"  which  is  usually  a  broad 
tascular  disc,  developed  upon  the  ventral  surface  of  the  body, 
lad  not  exhibiting  any  distinct  division  into  parts.  In  the 
fberopoda,  however,  and  in  the  Wing-shells  {Strombidce\  the 
bot  ediibits  a  division  into  three  portions — an  anterior,  the 
'propodium  ;"  a  middle,  the  "  mesopodium ; "  and  a  posterior 
Qbe^  or  "  metapodium."  In  the  Heteropoda,  the  foot  is  flatten- 
4^  and  forms  a  ventral  fin,  by  means  of  which  the  animal 
llAns,  back  downwards. 
In  some,  again,  the.  upper  and  lateral  surfaces  of  the  foot 
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are  expanded  into  muscular  side-lobes,  which  are  called  "e 
podia."    In  many  cases  the  metapodium,  or  posterior  potti 
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of  the  foot,  secretes  a  calcareous,  homy,  or  fibrous  pi 
which  is  called  the  "operculum"  (fig.  197,  tf),  and  which se 
to  close  the  orifice  of  the  shell  when  the  animal  is  retni 
within  it. 

The  head  in  most  of  the  Gasteropodii  is  very  distil) 
marked  out,  and  is  provided  with  two  tentacles  and  with 
eyes,  which  are  often  placed  upon  long  stalks.  Vciy  o 
there  is  an  elongated  retractile  proboscis,  with  ear-sacs,  coni 
ing  otoliths,  at  its  base.  The  mouth  is  sometimes  fiuni) 
with  horny  jaws,  and  is  (with  cjctremely  few  exceptions)  ah 
provided  with  a  singular  masticatory  apparatus,  which  is ' 
ously  known  as  the  "lingual  ribbon,"  the  "tongue," 
"  odontophore,"  or  the  "  radula."  This  consists  of  a  long* 
shorter  ribbon-shaped  structure,  which  is  attached  behiffl 
the  bottom  of  a  secreting  sac  or  sheath,  situated  on  the  h 
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^  of  the  phaiynx  posteriorly.  The  lingual  ribbon  extends 
fowaids  along  the  inferior  wall  of  the  pharynx,  being  supported 
bja  species  of  cartilaginous  cushion,  over  which  it  can  be 
nkde  to  work  backwards  and  forwards  by  appropriate  muscles. 
It  canies  a  great  number  of  hook-shaped  teeth  arranged  in 
tiansverse  rows,  there  generally  being  a  principal  central  and 
two  or  more  lateral  rows  (fig.  195).  These  teeth,  formerly 
supposed  to  be  siliceous,  are  now  known  to 
be  mainly  chitinous,  and  their  form  and  dis- 
position are  so  various  and  so  constant  in 
iifferent  forms,  that  they  afford  very  valuable 
ttlp  in  classification.  The  mouth  leads  by  a 
juIlet  into  a  distinct  stomach  (fig.  196),  which 
s  sometimes  provided  with  cartilaginous  or 
aJcareous  plates  for  the  trituration  of  the 
bod.  The  intestine  is  long,  and  its  first  flexure 
s  commonly  '*  haemal,"  or  towards  that  side  of 
he  body  on  which  the  heart  is  situated ;  though 
D  some  the  flexure  is  ''neural."  Distinct 
alivary  glands  are  usually  present,  and  the  ^'g^  t^lTrT^aTT 
iver  is  well  developed.  ^     *  '"^' 

A  distinct  heart  (fig.  196,  A)  is  almost 
Iways  present,  composed  of  an  auricle  and 
entricle.  In  many  Gasteropods  it  has  been 
bown  that  the  blood-vessels  form  closed  tubes, 
id  that  the  arteries  and  veins  are  connected  by  an  intermediate 
fitem  of  capillaries,  instead  of  merely  communicating  through 
le  interstices  and  lacunae  between  the  tissues.  It  seems  also 
ertain  that,  in  general  at  any  rate,  there  is  no  direct  connec- 
OD  between  the  blood-vessels  and  the  outer  medium,  though, 
i  some  cases,  such  a  communication  seems  undoubtedly  to 
dst  Respiration  is  very  variously  effected ;  one  great  div- 
ion  {Branchhgasteropodc^  being  constructed  to  breathe  air  by 
leans  of  water;  whilst  in  another  section  (Pulmogasteropoda) 
le  respiration  is  aeriaL  In  the  former  division  respiration 
ay  be  effected  in  three  ways.  Firstly,  there  may  be  no 
lecialised  respiratory  organ,  the  blood  being  simply  exposed 
I  the  water  in  the  thin  walls  of  the  mantie-cavity  (as  in  some 
'  the  HeUropoda),     Secondly,  the  respiratory  organs  may  be 

the  form  of  outward  processes  of  the  integument,  exposed 
tufts  on  the  back  and  sides  of  the  animal  (as  in  the  Nudi- 
wchiaia).  Thirdly,  the  respiratory  organs  are  in  the  form 
pectinated  or  plume-like  branchiae,  contained  in  a  more  or 
i  complete  branchial  chamber  formed  by  an  inflection  of  the 
intle.      In   many  members  of  this  last  section  the  water 


ngiM 

bon  or  odontophore 
of  the  common 
Whelk  {Buccinum 
utidatum\  magni- 
fied. (After  Wood- 
ward.) 
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obtains  access  to  the  gills  by  means  of  a  tubular  prolonptiat] 
or  folding  of  the  mantle,  forming  a  "  siphon,"  the  effete  mta 


being  expelled  by  another  posterior  siphon  similarly  cat- 
stnicted.  In  the  air-breathing  Gasteropods,  the  breattoiiK 
oigan  is  in  the  form  of  a  pulmonary  chamber,  fonned  byn 


Hg.  i^.—Amf*liana  ctmii-VMia/^ 


KapuaLDcy  IJpboiL 


inflection  of  the  mantle,  and  having  a  distinct  apoture  ka  Al 
admission  of  air. 
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The  nervous  system  in  the  Gasteropoda  has  its  normal  com- 
position of  three  principal  pairs  ot  ganglia,  the  supra-oesopha- 
gcal  or  cerebral,  the  infra-cesophageal  or  pedal,  and  the  parieto- 
splanchnic ;  but  there  is  a  tendency  to  the  aggregation  of  these 
in  the  neighbourhood  of  the  head.  The  organs  of  sense  are 
the  two  eyes,  and  auditory  capsules  placed  at  the  bases  of  the 
tentacles,  the  latter  being  tactile  organs. 

The  sexes  are  mostly  distinct,  but  in  some  they  are  united 
in  the  same  individual.     The  young,  when  first  hatched,  are 
ahays  provided  with  an  embryonic  shell,  which  in  the  adult 
may  become  concealed  in  a  fold  of  the  mantle,  or  may  be 
entirely  lost.     In  the  branchiate  Gasteropods  the  embryo  (fig. 
198,  B)  is  protected  by  a  small  nautiloid  shell,  within  which  it 
can  entirely  retract  itself;  and  it  is  enabled  to  swim  freely  by 
means  of  a  ciliated,  often  lobed  extension  of  the  cephalic  in- 
t^iument,  which  is  termed  the  "  velum,"  and  which  is  at  first 
merely  a  circlet  of  cilia  round  the  head.     The  velum  has  often 
been  compared  with  the  wing-like  cephalic  fins  of  the  PUro- 
fodoy  with  which,  however,  it  is  only  doubtfully  homologous. 
Amongst  the  Pulmonate  Gasteropods,  those  which  are  strictly 
tarestrial,  undergo  no  metamorphosis,  the  velum  being  absent 
thogether,  whereas  those  that  live  in  fresh  water  possess  struc- 
tures which  correspond  with   the  velum   of  the   Branchiate 
forms. 

Shell  of  the  Gasteropoda. — The  shell  of  the  Gasteropods  is 
composed  either  of  a  single  piece  (univalve),  or  of  a  number 
of  plates  succeeding  one  another  from  before  backwards  (mul- 
tivalve).  The  univalve  shell  is  to  be  regarded  as  essentially 
a  cone,  the  apex  of  which  is  more  or  less  oblique.  In  the 
simplest  form  of  the  shell,  the  conical  shape  is  retained  with- 
out any  alteration,  as  is  seen  in  the  common  Limpet  {Patella), 
In  the  great  majority  of  cases,  however,  the  cone  is  consider- 
ably elongated,  so  as  to  form  a  tube,  which  may  detain  this 
shape  (as  in  Dentalium\  but  is  usually  coiled  up  into  a  spiral. 
The  "spiral  univalve"  (figs.  199,  200)  may,  in  fact,  be  looked 
upon  as  the  typical  form  of  the  shell  in  the  Gasteropoda,  In 
some  cases  the  coils  of  the  shell — termed  technically  the 
"whorls" — are  hardly  in  contact  with  one  another  (as  in  Ver- 
9utus),  More  commonly  the  whorls  are  in  contact,  and  are 
so  amalgamated  that  the  inner  side  of  each  convolution  is 
fonned  by  the  pre-existing  whorl.  In  some  cases  the  whorls  of 
the  shell  are  coiled  round  a  central  axis  in  the  same  plane,  when 
the  shell  is  said  to  be  "discoidal"  (as  in  the  common  fresh- 
water shell  Planorbis),  In  most  cases,  however,  the  whorls 
ire  wound  round  an  axis  in  an  oblique  manner,  a  true  spiral 
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being  formed,  and  the  shell  becoming  "turretcd,"  "trocboi 
"  turbiniited,"  &c.     This  last  form  is  the  one  whidi  nuf 


If 


looked  upon  as  most  characteristic  of  the  Gasteropodi, 
shell  being  composed  of  a  number  of  whorLs  passing  obliq 
round  a  central  axis  or  "  columella,"  having  the  embryonic  i 
or  "  nucleus  "  at  its  apex,  and  having  the  mouth  or  "  aperti 
of  the  shell  placed  at  the  extremity  of  the  last  and  large: 
the  whorls,  termed  the  "body-whorl  "(fig,  199),     The  line 


■columdlarlip;  i/OulH-lip;  *N  -  '  ' 


grooves  formed  by  the  junction  of  the  whorls  are  tenned 
"  sutures,"  and  the  whorls  above  the  body-whorl  constitute 
'*  spire  "  of  the  shell.  The  axis  of  the  shell  (columella)  ro 
which  the  whorls  are  coiled  is  usually  solid,  when  the  she 
said  to  be  "  imperforate  ; "  but  it  is  sometimes  hollow,  1^ 
the  shell  is  said  lo  be  "  perforated,"  and  the  aperture  of 
axis  near  the  mouth  of  the  shell  is  called  the  "  umbilin 


MOLLUSCA:  GASTEROPODA.         393 

e  margin  of  the  "  aperture "  of  the  shell  is  termed  the 
eristome,"  or  "  peritreme,"  and  is  composed  of  an  outer  and 
er  lip,  of  which  the  former  is  often  expanded  or  fringed 
li  spines.  When  these  expansions  or  fringes  are  periodi- 
y  formed,  the  place  of  the  mouth  of  the  shell  at  different 
jes  of  its  growth  is  marked  by  ridges  or  rows  of  spines, 
ich  cross  the  whorls,  and  are  called  "  varices."  In  most  of 
ph)rtophagous  Gasteropods  {Holostomata)  the  aperture  of 
:  shell  (fig.  200)  is  unbrokenly  round  or  "  entire,"  but  in  the 
nivorous  forms  (Siphonostomata)  it  is  notched,  or  produced 
0  a  canal  (fig.  201).  Often  there  are  two  of  these  canals, 
anterior  and  a  posterior,  but  they  do  not  necessarily  indi- 
te the  nature  of  the  food,  as  their  function  is  to  protect  the 
Jpiratory  siphons.  The  animal  withdraws  into  its  shell  by 
ttractor  muscle,  which  passes  into  the  foot,  or  is  attached 
die  operculum ;  its  scar  or  impression  being  placed,  in  the 
ind  univalves,  upon  the  columella. 

In  the  multivalve  Gasteropods,  the  shell  is  composed  of  eight 
nsverse  imbricated  plates,  which  succeed  one  another  from 
fcre  backwards,  and  are  embedded  in  the  leathery  or  fibrous 
ider  of  the  mantle,  which  may  be  plain,  or  may  be  beset 
di  bristles,  spines  or  scales. 


CHAPTER  XLVII. 

DIVISIONS  OF  THE  GASTEROPODA. 

ffi  Gasteropoda  are  divided  into  two  primary  sections  or  sub- 
isses,  according  as  the  respiratory  organs  are  adapted  for 
bathing  air  directly  or  dissolved  in  water :  termed  respec- 
dy  the  Pulmonata^  Pulmonifera^  or  Pulmogasteropoda^  and 
5  Branchiata^  Branchtferay  or  Branchiogasteropoda, 
Sub-class  A-  Branchifera  or  Branchiogasteropoda. — 
this  sub-class  respiration  is  aquatic^  effected  by  the  thin 
iDs  of  the  mantle-cavity,  by  external  branchial  tufts,  or  by 
ctinated  or  plume-like  gills,  contained  in  a  more  or  less 
Qplete  branchial  chamber.  Flexure  of  intestine  hamal. 
This  sub-class  comprises  three  orders  —  viz.,  the  Proso- 
^nckiaia,  the  Opisthobranehiata,  and  the  Nucleobranchiata  or 

O&DER  I.  Prosobranchiata. — The  members  of  this  order 
'  defined  as  follows :  ^'  Abdomen  well  developed,  and  pro- 
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tected  by  a  shell,  into  which  the  whole  animal  can  usuaD) 
retire.  Mantle  forming  a  vaulted  chamber  over  the  back  oi 
the  head,  in  which  are  placed  the  excretory  orifices,  and  ii 
which  the  branchiae  are  almost  always  lodged  £raiukk 
pectinated  or  plume-like,  situated  {proson)  in  advance  o 
the  heart  Sexes  distinct"  (Milne-Edwards)  (See Woodward'! 
•  Manual.') 

The  order  Prosobranchiata  includes  all  the  most  chancer 
istic  members  of  the  Branchiate  Gasteropods,  and  is  divisibli 
into  two  sections,  termed  respectively  Siphonostomata  aiu 
Holostomata^  according  as  the  aperture  of  the  shell  is  notcbe( 
or  produced  into  a  canal,  or  is  simply  rounded  and  "  entire." 

The  Siphonostomata^  of  which  the  common  Whelk  (BuaiftttM 
undatum,  fig.  194)  may  be  taken  as  an  example,  are  all  maripe 
and  are  mostly  carnivorous  in  their  habits.  The  followim 
families  are  comprised  in  this  section: — Strombida  (Wing 
shells),  Muricidce,  Buccinidce  (Whelks),  Comda  (Cones),  V(k 
tidcBy  and  Cyprceidce  (Cowries). 

The  Holostomatay  of  which  the  common  Periwinkle  {Utk 
rina  littorea)  is  a  good  example,  are  either  spiral  or  limpet 
shaped,  in  some  few  instances  tubular,  or  multivalve;  th( 
aperture  of  the  shell  being  in  most  cases  entire  (fig.  200) 
They  are  mostly  plant-eaters,  and  they  may  be  either  marine 
or  inhabitants  of  fresh  water.  The  following  families  are  in 
eluded  in  this  section  : — Naticidce^  Pyramidellidce^  CerithiadA 
MelaniadcBy  Turriteiiida;,  Littorinidce  (Periwinkles),  FaludM 
(River -snails),  Neriiida,  Turbinidce  (Top  -  shells),  HaliM 
(Ear-shells),  Fissurellidce  (Key -hole  Limpets),  Calyftrmi 
(Bonnet  Limpets),  Paiellidce  (Limpets),  Dentaiida  (Tootl 
shells),  and  Chitofiidce, 

The  Dentalida  are  often  regarded  as  a  separate  order  of  the  GasterOTjx 
(viz.,  Scaphopoda)^  or,  by  Huxley,  as  referable  to  the  PUropoda,  Thi 
constitute  a  lowly-organised  group,  distinguished  by  the  absence  of  dista 
gills  or  heart,  the  imperfect  development  of  the  head,  and  the  sIcbA 
tubular  shell,  with  an  aperture  at  each  end. 

The  ChitonidtE  and  Patellidat  are  often  united  into  a  separate  ori 
(Cyciobranchiafa)^  characterised  by  the  generally  circular  disposition  of  d 
branchiae.  The  former  have  a  multivalve  shell,  and  are  stated  to  htveti 
sexes  united. 

By  many  naturalists,  the  Prosobranchiate  order  is  divided  into  n) 
orders,  in  accordance  with  the  structure  and  form  of  the  "odontopboR 
or  "radula." 

Order  II.  Opisthobranchiata. — This  order  is  defined  1 
follows :  *'  Shell  rudimentary,  or  wanting.  Bronchia  arlxie 
cent  or  fasciculated,  not  contained  in  a  special  cavity,  !>■ 
more  or  less  completely  exposed  on  the  back  and  sidcs>  ft 
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nnb  the  rear  (i^uthen)  of  the  body.  Sexes  united"  (Milne- 
Edwards).     (See  Woodward's  '  Manual.') 

The  Oputhobranchiata,  or  "  Sea-s!ugs, '  may  be  divided  into 
two  sections,  the  Tectihranchiata  and  Nudibranchtata,  accord- 
ing as  the  branchise  are  protected  or  are  uncovered. 

The  first  section,  that  of  the  Tatibranchiafa  is  distinguished 
bjrthc  fact  that  the  animal  is  usually  provided  with  a  shell, 
both  in  the  larval  and  adult  state  and  that  the  branchiae  are 
protected  by  the  shell  or  by  the  mantle     Under  this  section 


ne  included  the  families  of  the  Tomalellida,  BuIUda  (Bubble- 
AdbX  Aplysiada  (Sea-hares),  Pleurobranckidm,  and  Fhylli- 

In  the  second  section,  that  of  the  Nudibrattchiata  (fig.  102), 
die  animal  is  destitute  of  a  shell,  except  in  the  embryo  condi- 
tion, and  the  branchias  (rarely  absent,  as  in  Limaponiia  and 
Xied^)  are  always  placed  externally  on  the  back  or  sides  of 
the  body.  This  section  comprises  the  families  Dorida  {StSi- 
kmons),  Trilotuada,  jSoiida,  PhyUtrhoida,  and  Elysiada. 
Spedmens  of  the  S^slugs  and  Sea-lemons  may  at  any  time 
w  found  creeping  about  on  sea-weeds,  or  attached  to  the 
_*ider  surface  of  stones  at  low  water.  The  head  is  furnished 
Hwh  tentacles,  which  appear  to  be  rather  connected  with  the 
~*Me  of  KDcU  than  to  be  used  as  tactile  organs ;  and  behind 
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902.  —  Nudibranchiata.      Don's 
'okiuiom',  one  of  the  Sea-lemons. 


the  tentacles  are  generally  two  eyes.    The  nervou 
extremely  well  developed,  and  would  lead  to  the 

the  Nydibranchs  are  ai 
highest  of  the  Gastero^ 
motion  is  effected,  as 
Slugs,  by  creeping  ab 
flattened  foot 

Order  III.  Nua 
lATA  or  Heteropq] 
order  is  defined  by  tt 
characteristics:  Anim^ 
with  a  shelly  or  not^  free -swimming  and  pdagU; 
effected  by  a  fin-like  tail^  or  by  a  fan-shapedj  vertica 
ventral  fin. 

The  ffet^ropoda  are  pelagic  in  their  habits,  and 
swimming  at  the  surface  of  the  sea.  They  are  to  1 
as  the  most  highly  organised  of  all  the  Gastemf 
same  time  that  they  are  not  the  most  typical  mem 
class.  Some  of  them  can  retire  completely  within 
closing  them  with  an  operculum  ;  but  most  have  h 
and  the  shell  is  either  small  (fig.  203)  or  entire 


Fig-  203  — Heteropoda.     Carinaria  cymbium.    /  Proboscis  :  /  Tentad* 

*  Shell ;  /  Foot ;  d  Disc.    (After  Woodward.) 

They  swim  by  means  of  a  flattened  ventral  fin,  or 
gated  tail,  and  adhere  at  pleasure  to  sea -weed 
sucker  situated  on  the  side  of  the  fin.      These 
merely  modifications  of  the  foot  of  the  ordinary  G 
the  fin-like  tail  being  the  "metapodium"  (as  sh 
occasionally  carrying   an  operculum),  the  sucker 
"  mesopodium,"  and  the  ventral  fin  being  a  moc 
podium."    Tlie  "  epipodia  "  are  apparently  altogetl 
Respiration  is  sometimes  carried  on  by  distinct  br 
in  many  cases  these  are  wanting,  and  the  function  i 
simply  by  the  wa\\s  oC  iKe  pallial  chamber. 
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The  Heteropada  are  divided  into  the  two  families  Firolida 
od  AtlantidiEy  the  former  characterised  by  having  a  small 
idl  covering  the  circulatory  and  respiratory  organs,  or  by 
iTing  no  shell  at  all;  whilst  in  the  latter  there  is  a  well- 
eveloped  shell,  into  which  the  animal  can  retire,  and  an  oper- 
ihnn  is  often  present 

Sub-class  B.  Pulmonifera  or  Pulmogasteropoda. — In 
lis  sub-class  of  the  Gasteropoda  respiration  is  aerial^  and  is 
irried  on  by  an  inflection  of  the  mantle,  forming  a  pulmonary 
bamber  into  which  air  is  admitted  by  an  external  aperture, 
"he  flexure  of  the  intestine  is  neural^  and  the  sexes  are  united 
1  the  same  individual. 

The  Pulmonifera  include  the  ordinary  land-snails,  slugs, 
ond-snails,  &c.,  and  are  usually  provided  with  a  well-developed 
hell,  though  this  may  be  rudimentary  (as  in  the  slugs),  or 
▼en  wanting.  Though  formed  to  breathe  air  directly,  many 
i  the  members  of  this  sub- class  are  capable  of  inhabiting 
ftth  water.  The  common  Pond-snails  are  good  examples  of 
besc  last.  The  condition  of  the  shell  varies  greatly.  Some, 
nch  as  the  common  Land-snails,  have  a  well-developed  shell, 
within  which  the  animal  can  withdraw  itself  completely. 
)thers,  such  as  the  common  Slugs  (fig.  204)  have  a  rudimen- 


Fig.  204.— Zf  MT^jr  Sorverlyi,  one  of  the  Slugs.    (After  Woodwtird.) 

aiy  shell,  which  is  completely  concealed  within  the  mantle. 
)thers  are  entirely  destitute  of  a  shell.  They  are  divided  into 
^0  sections  as  follows : — 

Section  I.  Inoperculata. — Animal  not  provided  with  an  oper- 
vlum  to  close  the  shell.     In   this   section  are  included  the. 
unQies  Helicidoe  (Land-snails),  Limacidce  (Slugs),  Oncidiadce, 
imnaidce  (Pond-snails),  and  Auriculidce, 

Section  \\,  Operatlata, — Shell  closed  by  an  operculum.  In  this 
!Ction  are  included  the  families  Cyclostomidce  and  Aciadidce, 

Distribution  of  the  Gasteropoda  in  Space. — As  a  class 
«  Gasteropoda  have  a  world-wide  range,  some  forms  being 
dusively  marine,  others  inhabiting  fresh  waters,  while  others, 
ain,  live  upon  the  land.  Amongst  the  ProsobranchiateSy  the 
tire  order  of  the  Siphonostomata^  and  the  roajorily  ot  \\v^ 
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Holostamatti^  are  marine ;  but;  amoDgst  the  latter;  fhc 
niad<K  and  Paludinida  are  confined  to  firesh  waten»  a 
Cerithiada  and  Neriiida  include  a  number  of  fresh  or  b 
water  forms.  The  Opisihohranchiates  are  exdusively  i 
mostly  littoral  in  their  habits,  but  occasionally  oceanic 
Hderopoda  are  exclusively  marine  and  pelagic.  Lastly,  a 
the  Pulmonates  many  forms  (such  as  the  Snails  and  Sb 
strictly  terrestrial,  whilst  others  (Idmnaa^  FkawrUs^  A 
&C.)  are  found  in  fresh  or  brackish  waters. 

Distribution  of  the  Gasteropoda  in  Time.* 
Gasteropoda  are  represented  in  past  time  from  the 
Silurian  rocks  up  to  the  present  day.  Of  the  Brm 
the  Holosiomata  are  more  abundant  in  the  Palaeozoic 
the  Siphonostomata  abounding  more  in  the  Seconda 
Tertiary  rocks,  but  not  attaining  their  maximum  till  tfa 
ent  day.  The  place  of  the  carnivorous  SiphonostomaU 
Palaeozoic  seas  appears  to  have  been  filled  by  the  Tet 
chiate  Cephalopods.  The  branchiate  Gasteropoda  o 
water  are  chiefly  represented  as  fossils  by  the  genera  Al 
Paludina,  Valvaia,  and  AmpuUaria, 

The  Heteropoda  are  likewise  of  very  ancient  origin, 
commenced  their  existence  in  the  lowest  Silurian  di 
The  genera  Bellerophoriy  Porcelliay  Cyrtoiites,  and  Mi 
are  almost  exclusively  Palaeozoic  ;  Bellerophina  is  found 
Gault  (Secondary),  and  Carinaria  has  been  detected 
Tertiaries. 

The  Pulmonate  Gasteropoda^  as  was  to  be  anticipat 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lac 
and  estuarine  deposits,  in  which  the  genera  Limruta^ 
AfuyiuSy  &c.,  are  amongst  those  most  commonly  repre 
These,  however,  are  entirely  Mesozoic  and  Kainozoic 
Palaeozoic  period  the  sole  known  representatives  of  tl 
monifera  are  the  Pupa  veiusta,  Pupa  vermiliotiensis^  Dot 
Meekiy  and  Zonites  priscus  of  the  Carboniferous  rocks. 


CHAPTER  XLVIIL 
PTEROPODA. 


Class  IIL  Pteropoda. — The  Pteropoda  are  defined  b 
free  and  pelagic^  swimming  by  means  of  two  wing-like  apf 
{epipodia)j  dcifeloped  from  each  side  of  the  anterior  extr\ 
the  body.     The  flexure  of  the  intestine  is  neural. 
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As  to  the  position  of  the  Pteropoda  in  the  Molluscan  scale, 
thgr  must  be  looked  upon  as  inferior  in  organisation  to  any  of 
the  Gasteropoda^  of  which  class  they  are  often  regarded  as  the 
lowest  division.  They  permanently  represent,  from  certain 
aipects,  the  transient  larval  stage  of  the  sea-snails. 

The  Pteropods  are  all  of  small  size,  and  are  found  swimming 
at  die  surface  of  the  open  ocean,  often  in  enormous  numbers. 
Locomotion  is  effected  by  two  wing-like  fins,  developed  from 
dte  sides  of  the  head,  and  composed  of  the  greatly-developed 
"cpipodia."    The  true  "  foot "  is  rudimentary  and  rarely  dis- 


/ 


Fi^.  206. — HyaUa  trieUntaia^  show- 

'l' ao5.--Ptieropod*.    a  Cleodora  ^yramidata;         ing  the  shell  and   the  lateral  fins 

fCunnia  c^lumfuUa,    (After  Woodward.)  attached  to  the  sides  of  the  head 

(//)■ 

tinct,  but  the  "  metapodium  "  is  sometimes  provided  with  an 
operculum  {Limacinida).  There  is  usually  a  symmetrical, 
(bssy,  sometimes  chitinous,  shell  (fig.  205),  either  consisting 
of  a  dorsal  and  ventral  plate  united,  or  forming  a  spiral  (fig. 
198,  B),  but  in  some  cases  the  body  is  naked,  the  mantle 
Wng  absent  or  rudimentary.  The  head  is  rudimentary,  and 
bears  the  mouth,  which  is  occasionally  tentaculate,  and  which 
ii  fiimished  with  an  odontophore.  There  is  a  muscular 
tfomach  and  a  well-developed  liver;  and  the  flexure  of  the 
Btestine  is  neural,  so  that  the  anus  is  situated  on  the  lateral 
or  ventral  surface  of  the  body. 

The  heart  consists  of  an  auricle  and  ventricle.  The  re- 
^»atory  organ  is  very  rudimentary,  and  consists  of  a  ciliated 
«nface,  which  is  either  entirely  unprotected,  or  may  be  con- 
Inned  in  a  branchial  chamber. 

The  ganglia  of  the  nervous  system  "  are  concentrated  into 
a  mass  below  the  oesophagus  "  (Woodward),  united  by  a  com- 
Jttiasure  above  the  gullet ;  and  the.  eyes  are  rudimentary. 

The  sexes  are  united  in  all  the  Ptero(>ods,  and  the  young 
through  a  metamorphosis,  having  at  first  a  bilobed  ciliated 
attached  to  the  sides  of  the  head. 

The  Pteropoda  are  divided  into  two  orders,  termed  Thecoso- 
and  Gymnosomata  ;  the  former  characterised  by  possess- 
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ing  an  external  shell  and  an  indistinct  head;  th 
being  devoid  of  a  shell,  and  by  having  a  distinct 
fins  attached  to  the  neck. 

The  Ptercpoda,  as  already  said,  are  found  swin 
the  surface  in  the  open  ocean,  and  they  are  found 
from  the  tropics  to  within  the  arctic  circle,  sometii 
numbers  as  to  discolour  the  water  for  many  miles, 
nocturnal  in  their  habits,  and,  minute  as  they  are 
stitute  in  high  latitudes  one  of  the  staple  artides 
the  whale.  They  themselves  are,  in  turn,  probab 
rous,  feeding  upon  small  Crustaceans  and  other 
animals.  Though  all  the  living  forms  are  small,  Ge 
us  to  believe  that  there  formerly  existed  comparativ 
representatives  of  this  class  of  the  Mollusca, 

Distribution  of  Pteropoda  in  Time. — ^Thc 
are  not  largely  represented  in  fossiliferous  deposit 
have  a  wide  range  in  time,  extending  from  the  Uppe 
rocks  up  to  the  present  day.  The  Theca  and  Canu^ 
Palaeozoic  period,  if  truly  Pteropods,  are  of  coi 
gigantic  size.  Both  commence  their  existence  in  t 
or  Upper  Cambrian,  and  the  former  is  entirely 
The  genus  Conulariay  however,  extends  into  thi 
period,  and  is  found  in  the  Liassic  rocks.  The  Sili 
which  form  the  genus  TeniaculiteSy  though  often  reft 
Tubicolar  Annelides,  appear  to  belong  without  dc 
Pteropoda,  The  recent  genera  Hyalea  (fig.  206),  C 
Cuvieria  are  represented  in  the  Tertiary  period. 


CHAPTER    XLIX. 
CEPHALOPODA. 


Class  IV.  Cephalopoda. — The  members  of  thi 
defined  by  the  possession  of  eight  or  more  **  arms 
a  circle  round  the  mouth ;  the  body  is  enclosed  in 
mantle-sac,  and  there  are  tivo  or  four  plume-like  \ 
the  mantle.  There  is  an  anterior  tubular  orifice  (< 
dibulum  "  or  ^^funner')  through  ivhich  the  effete  wax 
ration  is  expelled.  The  flexure  of  the  intestine  is  neu. 
The  Cephalopoda^  comprising  the  Cuttle -fish< 
Pearly  Nautilus,  &c.,  constitute  the  most  highly  01 
the  classes  of  the  Mollusca,    They  are  all  marine  a 
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Are  possessed  of  considerable  locomotive  powers, 
[torn  of  the  sea  they  can  walk  about,  head  down- 
means  of  the  amis  which  surround  the  mouth,  and 

usually  provided  with  numerous  suckers  or  "  aceta- 
ley  are  also  enabled  to  swim,  partly  by  means  of 
knsions  of  the  integument  or  fins  (not  always  pres- 
paitly  by  means  of  the  forcible  expulsion  of  water 
C  tubular  "  funnel,"  the  reaction  of  which  causes 

to  move  in  the  opposite  direction, 
iority  of  the  living  Cephalopods  are  naked,  possess- 

intemal  skeleton,  and  this  often  a  rudimentary  one; 
jpinaut  (Paper  Nautilus),  and  the  Pearly  Naudlus, 
ted  with  an  external  shell,  though  the  nature  of  this 
y  different  in  the  two  fonns. 
^ument  in  the  Cuttle-fishes  is  provided  with  nu- 
obile  cells,  containing 
granules  of  different 
id  termed  "chromato- 
\y  means  of  these  many 
a  change  their  colours 
der  irritation  orexcite- 

ly  in  the  Cephalopoda  is 
^  and  is  enclosed  in  an 
t  which  may  be  regard- 
dificationof  the  mantle 
r  MoUusca.  Ordinarily 
olerably  distinct  separa- 
:  body  into  an  anterior 
ortion  (prosoma),  and  a 
portion,  enveloped  in 
e,  and  containing  the 
(tasoma).  The  head  is 
act,  bearing  a  pair  of 
lular  eyes,  and  having 
1  in  its  centre.  The 
surrounded  by  a  circle 
sn,  or  more,  long  mus-  ^'^,^,;~  Ji^'°S^ui 
esses,  or  "arms"  (fig.  (Afia w«jd»ini.) 
h  are  generally  provided 

)f  stalked  or  sessile  suckers.  Each  sucker,  or  "  ace- 
consists  of  a  cup-shaped  cavity,  the  muscular  fibres  of 
irerge  to  the  centre,  where  there  is  a  little  muscular 
)r  papilla.  When  the  sucker  is  applied  to  any  surface, 
ctioQ  of  the  radiating  muscular  fibres  depresses  the 
2C 
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papilla  so  as  to  produce  a  vacuum  below  it,  and  in  thisw 
sucker  acts  most  efficiently  as  an  adtiesivc  organ.  L 
forms  (Decapoda)  the  base  of  tlie  papilla,  or  piston, 
rounded  by  a  homy  dentated  ring,  and  in  some  otha 
OnycAotoithis)  the  papillae  aic  produced  into  long  dai 
the  Octopod  Cuttle-fishes  there  are  only  eig^t  aimi^  aa 
are  all  nearly  alike.  In  the  Decapod  Cuttle-fishes  di 
ten  arms,  but  two  of  these — called  "tentacles" — an 
longer  than  the  others,  and  bear  suckers  only  at  A 
tremities,  which  are  enlarged  and  club-shaped.  In  tHfc 
Nautilus  the  arms  are  numerous  and  are  devoid  of  sndi 
In  all  the  Cuttle-fishes,  the  mouth  is  placed  in  the  o 
the  "foot,"  and  it  is  by  a  splitting  up  of  the  maigini 
foot  into  long  muscE 
cesses,  that  the  "  an 
'  produced.  The  u 
always  symmetrica 
ranged  in  a  dorsal, 
tral,  and  two  latera 
and  the  "tentacles' 
present)  are  placed 
ventral  surface,  bet« 
3d  and  4th  pairs  0 
The  tentacles  may 
not  be  re  tractile  into] 
placed  below  the  q 
their  length  may  b 
times  greater  than 
the  body.  They  arc 
of  prehension ;  and  t 
are  in  addition  empl 
the  animal  in  loco 
enabling  it  to  crce 
the  sea-bottom  heai 

In  all  the  Decap 
in  some  of  the  C 
iie-fi<ii  (ahnrd  fotms,  the  sldes  of  tl 
"  ■  "  i^k'^taa  ■  ^'^  produced  into  n 
E-bunc  '  expansions  or  fins  (I 
and  214),  with  wh 
animal  swims  head  foremost.  In  all  the  Cephalopo< 
the  lateral  margins  of  the  foot  ("epipodia")  are  either  p 
apposition  (A&B//7«r)or  are  actuallyunited{Cuttle-fishes) 
a  manner  as  to  form  a  muscular  tube,  known  as  the  " 


Fig-  aoft — DLumn  of  :i  Cl 
from  Huxle^    m  Mandil 
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The  funnel  is  placed  on  the  lower  surface  of  the  body,  with 
its  anterior  extremity  projecting  beyond  the  mantle,  while  it 
opens  behind  into  the  pallial  chamber.  It  serves  for  the 
ifimination  of  the  water  which  has  been  used  in  respiration, 
ind  the  out-going  currents  also  carry  away  with  them  the 
scretions  of  the  kidneys  and  of  the  ink-sac,  together  with  the 
Bces*  By  the  contractions  of  the  mantle,  the  water  contained 
II  the  pallial  sac  can  also  be  driven  through  the  funnel  in  a 
Docession  of  jets,  driving  the  animal  backwards  through  the 
nter. 

The  mouth  leads  into  a  buccal  cavity  (fig.  208)  containing 
TO  powerful  mandibles,  working  vertically,  resembling  the 
cak  of  the  parrot  in  shape,  and  either  homy  (as  in  the  Cuttle- 
ikes)  or  partially  calcareous  in  composition  (as  in  the 
^aatilus).  There  is  also  a  muscular  tongue  which  appears  to 
le  in  part  an  organ  of  taste,  whilst  in  part  it  is  developed  into 

lingual  ribbon  or  "  odontophore."  The  buccal  cavity  (fig. 
08)  conducts  by  an  oesophagus — into  which  salivary  glands 
aally  pour  their  secretion  —  to  a  stomach,  from  which  an 
itestine  is  continued,  with  a  neural  flexure,  to  open  on  the 
wtral  surface  of  the  animal  at  the  base  of  the  funnel.  A 
uge  and  well-developed  liver  is  present.  In  many  cases 
bac  is  also  a  special  gland,  called  the  "ink-bag,"  for  the 
eoetion  of  an  inky  fluid,  which  the  animal  discharges  into 
kc  water,  so  as  to  enable  it  to  escape  when  menaced  or 
anned.  The  duct  of  the  ink-bag  opens  at  the  base  of  the 
■mel;  but  this  apparatus  is  entirely  wanting  in  the  Tetra- 
nnchiate  Cephalopods,  where,  in  consequence  of  the  presence 
fan  external  shell,  this  means  of  defence  is  not  needed. 

The  kidnejTS  (fig.  209,  r  r)  are  in  the  form  of  spongy  cellular 
igans  developed  upon  the  two  posterior  branches  of  the  vena 
wa.  The  circulatory  organs  consist  of  a  systemic  central 
eart  (fig.  209,  c)  which  drives  the  aerated  blood  to  all  parts 
f  the  body.  The  blood  finds  its  way  into  the  veins  mostly 
nough  the  intervention  of  a  system  of  capillaries,  but  also  by 
leans  of  sinuses  and  lacunae  amongst  the  tissues.  The  two 
neat  trunks  which  carry  the  venous  blood  to  the  branchiae, 
ic  further  provided,  in  the  Cuttle-fishes,  with  special  con- 
ictile  dilatations,  situated  one  at  the  base  of  each  gill,  and 
Knm  as  the  "  branchial  hearts  "  (e  e). 
The  respiratory  organs  are  in  the  form  of  two  (Cuttle-fishes) 
'  fixir  (NautUus)  plume-like  gills,  placed  symmetrically  on  the 
les  of  the  body  within  the  pallial  sac.  The  gills  (fig.  209,  b  b) 
nsist  each  of  a  central  stem,  bearing  finely-divided  lateral 
iciilar  laminae ;  and  as  they  are  not  ciliated^  the  necessary 
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respiratory  currents  are  maintained  by  the  alternate  contra^ 
tions  and  expansions  of  the  muscular  walls  of  the  mantle^ac 


In  each  expansion  the  water  finds  its  way  into  the  palfiji 
chamber  by  the  opening  between  the  rim  of  the  mantle  »l 
the  neck  ;  and  in  each  contraction  it  is  expelled  through  tlit 
tube  of  the  funnel,  which  is  so  constructed  as  to  allow  of  tlit 
egress  but  to  prevent  the  ingress  of  the  water. 

The  nervous  system  consists  of  the  three  normal  paii^  * 
ganglia — the  cerebral,  pedal,  and  pari eto-sp tan chnic — but  iht* 
are  aggregated  to  form  an  oesophageal  collar  (fig.  loi,  t\ 
The  organs  of  sense  are  a  pair  of  large  and  very  highly  dnd-  __ 
oped  eyes,  and  a  pair  of  auditory  sacs.     The  great  oesophifC'  t- 
nerve  collar  is  protected  by  a  cartilaginous  plate,  which  tt* 
shadows  the  cranium  of  the  Verldraia ;  this  also  sends  (■   __ 
prolongations  which  strengthen  and  defend  the  eye,  and  •  >— 
auditory  chambers  are  excavated  in  its  substance.  ^ 

The  sexes  in  all  the  Cephalopoda  are  in  different  individad   c; 
the  males  and  feoaales  generally  being  more  oi  less  tuB  ^ 
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aQy.  In  this  order  the  ducts  of  the  generative  organs 
iito  the  pallial  chamber,  and  each  individual,  besides  the 
ial  organs  of  reproduction  (testis  or  ovary),  generally 
ses  an  accessory  gland ;  that  of  the  female  secreting  a 
material  which  unites  the  eggs  together,  whilst  that  of 
ale  coats  the  spermatozoa,  and  aggregates  them  into 
IT  worm-like  filaments,  from  six  to  eight  lines  in  length, 
I  "  spermatophores,"  or  the  "  moving  filaments  of  Need- 
The  spermatophore  is  filled  with  spermatozoa,  and 
ses  the  power  of  expanding  when  moistened,  rupturing, 
spelling  the  contained  spermatozoa  with  considerable 


x^i.  Ociafus  earena  (raaleX  showing  cyst  in  place  of  the  third  arm.     2.  Ven- 
ide  of  an  individual,  more  developed,  with  the  hectocotylus  {a),    (After  Wood- 

> 

During  the  congress  of  the  sexes  the  male  transfers 
TDoatophores  to  the  pallial  chamber  of  the  female,  true 
[ssion  not  being  possible,  but  the  mode  in  which  this 
rence  is  effected  differs  in  different  cases,  and  is  not 
ally  known. 
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In  the  males  of  many  of  the  Cuttle-fishes,  one  of  the  inn 
peculiarly  modified,  and  is  said  to  be  "  hectocotylisoJ,"  bnt 
extent  to  which  this  modification  is  carried  differs  in  dife 
cases,  and  it  is  not  always  the  same  ann  in  difTcrent !]» 
which  is  thus  affected.  In  some  cases,  the  "  hectocotyliti 
am)  is  little  altered  firom  its  ordinary  fonn,  and  thoi^ 
alteration  be  primarily  sexual,  the  arm  is  not  known  top 
any  part  in  the  reproductive  process.  In  other  cases,  tg 
such  as  Octopus  earetia  (fig.  aio),  TVemottopus  violaaiis{ 
21 1,  ^),  anA  Argonaula  ar^  {bg  211,  a),  the  " hectocotyltR 


I0fui  vMaaui  (after  Kclliki 


arm  is  the  efficient  agent  in  the  impregnation  of  the  fem 
It  is,  in  these  forms,  longer  and  thicker  than  the  other  w 
and  possesses  posteriorly  a  sac  which  is  filled  with  speniu 
phores.  During  the  reproductive  act  the  "  hectocotyfce 
arm  is  actually  detached  by  the  male,  and  deposited,  widi 
freight  of  spermatophores,  within  the  pallial  chamber  of  I 
female.  When  thus  detached  (fig.  211,  b),  it  is  capable 
independent  movement,  and  when  first  found  in  this  free  ci 
dition  within  the  mantle-cavity  of  the  female  .\tgonaut,  it » 
regarded  as  a  parasitic  worm,  Cuvier  gave  the  name 
"  Hectocotylus  Octopodis "  to  it,  under  this  belief  as  to 
(lature.  Hence  the  name  of  "  hectocotylus  "  (in  allusioDtot 
suckers  which  it  carries)  is  still  applied  to  the  d 
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as  (be  aim,  if  not  detached,  is  simply  said  to  be  "  hecto- 

•ed." 

those  cases  in  which  the  hectocotylised  ann  is  not  de-  - 

d,  it  is  asserted  by  Steenstrup  that  it  is  employed  by  the 

in  the  direct  transference  of  the  spennatophores  to  the 

1  chamber  of  the  female ;  though  it  is  still  uncertain  how 

pennatophores  hnd  their  way  from  the  seminal  ducts  to 

ic  in  the  interior  of  the  ann. 

*  tf^  of  the  Cuttle-fishes  are  enclosed,  singly  or  many 

her,  m  special  capsules,  which  are  generally  attached  in 

lies  to  some  foreign  body.     The  ovum  undergoes  partial 

entation,  as  in  Birds  and  Reptiles,  and  the  unsegmented 

[>n  (rf  the   yolk  is  gradually  absorbed  by  the  growing 

yo.. 

le  tidl  of  the  Cephalopoda  is  sometimes  external,  some- 


intemaL  The  internal  skeleton  ((ig.  ziz)  is  known  as 
cuttle-bone,"  "  sepiostaire,"  or  "  pen  "  {gladtus),  and  may 
ther  COToeous  or  calcareous.  In  some  cases  it  is  rendered 
>lez  by  the  addition  of  a  chambered  portion  or  "  phrag- 
ne^*'  which  is  to  be  regarded  as  a  visceral  skelMon  or 
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"  splanchnoskeleton."  In  Spirula  (fig.  212,  c)  the  phragpaa- 
cone  is  the  sole  internal  skeleton,  and  is  coiled  into  a  spiral, 
the  coils  of  which  lie  in  one  plane,  and  are  near  one  anotber, 
but  not  in  contact.  It  thus  resembles  the  shell  of  the  Pearly 
Nautilus,  but  it  is  internal^  and  differs,  therefore,  entirely  from 
the  external  shell  of  the  latter.  The  only  living  Cephalopods 
which  are  provided  with  an  external  shell  are  the  Paper  Nauti- 
lus {Argonauta\  and  the  Pearly  Nautilus  {Nautilus fampilm)\ 
but  not  only  is  the  structure  of  the  animal  different  in  each  of 
these,  but  the  nature  of  the  shell  itself  is  entirely  different 
The  shell  of  the  Argonaut  (fig.  213)  is  involuted,  but  is  not 
divided  into  chambers,  and  it  is  secreted  by  the  webbed  ex- 
tremities of  two  of  the  dorsal  arms  of  the  female.  The  aims 
are  bent  backwards,  so  as  to  allow  the  animal  to  live  inthc 
shell,  but  there  is  in  reality  no  organic  connection  between  die 
shell  and  the  body  of  the  animal.  In  fact,  the  shell  of  Ac 
Argonaut,  being  confined  to  the  female,  and  serving  by  iti 
empty  apex  as  a  receptacle  for  the  ova,  may  be  looked  upon 
as  a  "  nidamental  shell,"  or  as  it  is  secreted  by  a  modified  por- 
tion of  the  foot,  it  may  more  properly  be  regarded  as  a  "pedal 
shell."  The  shell  of  the  Pearly  Nautilus  (fig.  216),  6n  the 
other  hand,  is  a  true  pallial  shell,  and  is  secreted  by  the  body 
of  the  animal,  to  which  it  is  organically  connected.  It  is  in- 
voluted, but  it  differs  from  the  shell  of  the  Argonaut  in  being 
divided  into  a  series  of  chambers  by  shelly  partitions  or  septa, 
which  are  pierced  by  a  tube  or  "  siphuncle,"  the  animal  itself 
living  in  the  last  chamber  only  of  the  shell. 


CHAPTER   L. 

DIVISIONS  OF  THE  CEPHALOPODA. 

The  Cephalopoda  are  divided  into  two  extremely  distinct  and 
well  marked  orders,  termed  the  Dihranchiata  and  Tdr^ 
branchiata.  The  former  comprises  all  the  true  Cutde-fishes;  ; 
whilst  the  latter,  though  abundantly  represented  in  past  time, 
has  no  other  living  representative  than  the  Pearly  Nautihs 
alone. 

Order  I.  Dibrancfiiata. — The  members  of  this  order  of  the 
Cephalopoda  are  characterised  as  being  nvimmimg  animals,  (J- 
most  invariably  naked,  ivith  never  more  than  eiglU  or  ten  arms^ 
7uhich  are  always  provided  with  suckers.     There  are  two  hrancki^ 
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i  arejurmsfied  wUk  bratuhial  hearts  ;  an  ink-sac  is  always 

it;  the  funnel  is  a  complete  tube,  and  the  shell  is  internal, 

'actemai,  is  not  chambered. 

le  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
freely  by  means  of  the  jet  of  water  expelled  from  the  fun- 
The  arms  constitute  powerful  offensive  weapons,  being 

sively  tenacious  in  their  hold,  and  being  sometimes  pro- 

1  with  a  sharp  claw  in  the  centre  of  each  sucker.     They 

Mstly  nocturnal  or  crepuscular  animals,  and  they  some- 
attain  to  a  great  size.     They  may  be  divided  into  two 

na,  Octapoda  and  Dtcapoda,  according  as  they  have  simply 

aims,  or  eight  arms  and  two  additional  "tentacles." 

moM  A.  OcTOPODA. — The  Cephalopods  comprised  in  this 

n    ore    distinguish- 

r  die  possession  of 

lOre  than  eight  arms, 

I  are  provided  with 

Esnckers.    Theshell 

emal  and  rudiment- 

ilt  one  instance  only 

Argonaut)  external. 

body  is   short  and 

xmn,  and  ordinarily 

at  fins. 

is  section  comprises 

ivo  families  of  the 

vttOida,  and  the  Oc- 

via.     In  the  former 

se  there  is  only  the 

:  genus    Argonauia 

Paper  Sailor,  or  the 

r  Nautilus),  of  which 

male  and  male  differ 

[y  from  one  another. 

emale  Argonaut  (fig. 

isprotectedbyathin 

■Aambered  shell,  in  ' 

srmmetrical  and  in- 

Ed.  Which  is  secreted     "^"^"^  ""  '"="■  ""''"  "■'>■  "^'™'*' 

:  webbed  extremities 

e  dorsal  arms,  but  is  not  attached  in  any  way  to  the  body 

e  animal.     It  sits  in  its  shell  with  the  funnel  turned  to- 

1  the  keel,  and  the  webbed  arms  apphcd  to  the  shell. 

male  Argonaut  is  much  smaller  than  the  female  (less  than 

ich  in  length),  and  is  not  protected  by  any  shell.     The 


m^'fat^!"\^ 
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third  lefl  aim  of  the  male  (fig.  3ii)  is  developed  in  i  (^ 
and  ultimately  becomes  a  "  hectocotylus,"  and  is  depon 
by  the  male  in  the  pallia!  chamber  of  die  female 

In  the  Odopodida  (or  Foulpes)  there  xre  right  aims, 
similar  to  one  another,  and  united  at  the  base  by  a  v 


in  GiLumry  {Li-lit^  VKl/^ris),  mlaadui 

-..-- aniial  Jin  (ifiH  Woodwini). 

fronl.  fHowing  tiic  basa  of  Ibe  Hruu  i 


udlheruDiiclL/:) 


There  is  an  internal  nidimentaiy  shell,  represented  by 
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ikort  styles  encysted  in  the  substance  of  the  mantle  (Owen). 
Ite  body  is  seldom  provided  with  lateral  fins.  The  third  right 
urn  of  the  male  is  primarily  developed  in  a  cyst,  and  ultimately 
becomes  "  hectocotylised" 

Section  B.  Decapoda. — The  Cephalopods  of  this  section 
have  eight  arms  and  two  additional  "  tentacles,"  which  are 
much  longer  than  the  true  arms,  are  retractile,  and  have  ex- 
panded, club-shaped  extremities  (fig.  214).  The  suckers  are 
pedunculated ;  the  body  is  always  provided  with  lateral  fins, 
aud  the  shell  is  always  internal. 

This  section  comprises  the  three  living  families  of  the 
Teutkufa,  Sepiada^  and  the  Spirulida^  and  the  extinct  family 
of  the  BdtmnitidcB, 

The  family  of  the  Teuthida  comprises  the  Calamaries  or 
Squids  (fig.  214),  characterised  by  the  possession  of  an  elon- 
gated body  with  lateral  fins.  The  shell  (fig.  212,^)  is  internal 
ttd  homy,  consisting  of  a  median  shaft  and  of  two  lateral 
wings ;  it  is  termed  the  "  gladius  "  or  "  pen,"  and  in  old  speci- 
mens several  may  be  found  lodged  in  the  mantle,  one  behind 
the  other.  In  the  common  Calamary  (Loligo)  the  fourth  left 
•nn  of  the  male  is  metamorphosed  towards  its  extremity  to 
subserve  reproduction. 

In  the  family  of  the  Sepiada  the  internal  shell  (fig.  2 1 2,  <7)  is 
calcareous  ("  cuttle-bone  "  or  "  sepiostaire  "),  and  is  in  the  form 
of  a  broad  plate,  having  an  imperfectly-chambered  apex.  The 
broad  laminated  plate  is  extremely  light  and  spongy,  and 
4c  chambered  apex  is  called  the  "mucro."  In  the  living 
jaembers  of  the  family  the  body  is  provided  with  long  lateral 
ins,  sometimes  as  long  and  as  wide  as  the  body  itself. 

In  the  singular  famffy  of  the  Spirulida  the  internal  skeleton 
'fig.  212,  f)  is  in  the  form  of  a  nacreous,  discoidal  shell,  the 
thork  of  which  are  not  in  contact  with  one  another,  and  which 
»  divided  into  a  series  of  chambers  by  means  of  partitions  or 
epta  which  are  pierced  by  a  ventral  tube  or  "  siphuncle." 
rhe  body  is  provided  with  minute  terminal  fins,  and  the  arms 
lave  six  rows  of  small  suckers.  The  shell  of  the  Spirula — 
ODunonly  known  as  the  "  post-horn  " — is  similar  in  structure 
>  the  shell  of  the  Nautilus,  but  it  is  lodged  in  the  posterior 
art  of  the  body  of  the  animal  (fig.  212),  and  is  therefore  inter- 
Uf  whereas  the  shell  of  the  latter  is  external.  It  really  corre- 
londs  to  the  "  phragmacone  "  of  the  Belemnite.  Though  the 
eU  occurs  in  enormous  numbers  in  certain  localities,  a  single 
ifect  specimen  of  the  animal  is  all  that  has  been  hitherto 
tained. 
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In  the  extinct  family  of  the  Belemmtida,  our  km 
chiefly  confined  to  the  hard  parts.  Certain  specii 
ever,  have  been  discovei 
show  that  the  Bdemniit 
tially  the  structure  of  a  I 
such  as  the  recent  Calan 
body  was  provided  with  li 
the  arms  were  eight,  Ann 
homy  hooks,  with  two  "1 
and  pobably  the  mouth  \ 
ed  with  homy  mandibles, 
bag  was  present  The  intt 
ton  of  a  Belemnite  (fig.  ai 
of  a  chambered  cone — tf 
macone" — the  septa  of 
pierced  with  a  maigina 
"  siphuDcle."  In  the  last  i 
the  phragmacone  is  con 
ink-bag,  often  in  a  well 
condition.  Anteriorly  th( 
cone  is  continued  into  a 
mina  or  'pen"  (the  "pro- 
of  Huxley),  and  posteriori] 
ed  in  a  conical  sheath  or  ' 
which  is  excavated  in  the 
of  a  nearly  cylindrical,  fit 
the  "guard"  {fig.  215,^) 
jects  backwards  for  a 
shorter  distance,  and  is  th< 
usually  found  in  a  fossil  ci 
Order  II.  Tetrabrai 
The  members  of  this  or 
Ctphalopmia  are  character 
ing  creeping  animals,  prei 
external,  many-ehambered 
septa  befii'een  the  chamber 
are  per/orated  by  a  membra 
careous  tube  termed  tht  " 
Fig.  iTs.—piBenni  of  BiicniDite  Thc  amis  are  numerous,  < 
ffomjr^pJ^'pri^SL:"  1'oid  of  stukers  ;  the  branch 
/  Liuinbemi  ''phRianiaciine||  /«  number,  two  on  each 
f-'-G^i^  >-nn".     iff^y;  the  funnel  does  n<^ } 

plete  tube  ;  and  there  is  no 
Though  abundantly  represented  by  many  and  vai 
forms,  the  only  living  member  of  the  TctrabranA 
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NautDus,  which  has  been  long  known  by  its  beautiful 
fed  shell,  but  the  soft  parts  of  which  were  first  described, 
perfect  Bpecimen,  which  was  examined  by  Professor 

•oft  structures  in  the  Pearly  Nautilus  may  be  divided 
posterior,  soft,  membranous  mass  {metasoma),  contatn- 
viscera,  and  an  anterior  muscular  division,  comprising 
d  (,frosgmd) ;  the  whole  being  contained  in  the  outer' 
4iacious  chamber  {the  body-chamber  of  the  shell),  from 
he  head  can  be  protruded  at  will.  The  shell  itself  (fig. 
involuted  and  many-chambered,  the  animal  being  con- 


;  JIUdc 


iuccessively  in  each  chamber,  and  retiring  from  it  as  its 
xnnes  sufficiently  great  to  necessitate  the  acquisition  of 
»m.  Each  chamber,  as  the  animal  retires  from  it,  is 
sff  by  a  curved,  nacreous  septum  ;  the  communication 
1  the  chambers  being  still  kept  up  by  a  membranous 
siphuncle,  which  opens  at  one  extremity  into  the  peri- 
1,  and  is  continued  through  the  entire  length  of  the 
The  position  of  the  siphuncle  is  in  the  centre  of  each 

-  uiimal  at  the  Pearly  Nautilus  is  still  one  of  the  grealeat  nrities 
mu.    Itt  uutomy  was  orif^oally  described  from  a  female  specimen 

Owen  ID  1831.     Since  Ihat  time  examples  have  been  described  by 

Hdctci^  Violik,  Valencieniiei,  MacdonaM,  &c. 
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septum^  but  the  siphuncle  simply  passes  through  the  chamben, 
without  opening  into  them. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  hot  it  is 
much  thicker  in  front,  and  forms  a  thick  fold  or  collar  sor* 
rounding  the  head  and  its  appendages.  From  the  sides  of  the 
head  spring  a  great  number  of  muscular  prehensile  processes 
or  "  arms,"  which  are  annulated,  but  are  not  provided  with 
cups  or  suckers.  Four  of  the  arms  of  the  male  arc  spedallf 
modified  to  form  a  peculiar  organ  termed  the  "  spadix,"  which 
is  connected  with  reproduction,  and  corresponds  with  die 
*•  hectocotylised  "  arm  of  the  male  Cuttle-fishes.  In  the  centre 
of  the  head  is  the  mouth,  surrounded  by  a  circular  fleshy  lij^ 
external  to  which  is  a  series  of  labial  processes.  The  mouA 
opens  into  a  buccal  cavity,  armed  with  two  homy  mandiUes^ 
partially  calcified  towards  their  extremities,  and  shaped  like 
the  beak  of  a  parrot,  except  that  the  under  mandible  is  the 
longest.  There  is  also  a  "  tongue,"  which  is  fleshy  and  sen- 
tient in  front,  but  is  armed  with  recurved  teeth  behind.  The 
gullet  opens  into  a  large  crop,  which  in  turn  conducts  to  i 
gizzard,  and  the  intestine  terminates  at  the  base  of  the  fiin* 
nel.     On  each  side  of  the  crop  is  a  well-developed  liver. 

The  heart  is  contained  in  a  large  cavity,  divided  into  sev^ 
ral  chambers,  and  termed  the  "  pericardium "  (Owen).  Th« 
respiratory  organs  are  in  the  form  of  four  pyramidal  bronchia, 
two  on  each  side. 

The  chief  masses  of  the  nervous  system  are  the  cerebral 
and  infra-cesophageal  ganglia,  which  are  partially  protected  bf 
a  cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimcntaiy 
cranium,  and  which  sends  out  processes  for  the  attachment  rf 
muscles.  The  organs  of  sense  are  two  large  eyes,  attached 
by  short  stalks  to  the  sides  of  the  head,  two  spheroidal  ea^ 
capsules,  and  two  hollow  plicated  subocular  processes,  b^ 
lieved  to  be  possibly  olfactory  in  their  function. 

The  reproductive  organs  of  the  female  consist  of  an  oraiji  ^ 
oviduct,  and  accessory  nidamental  gland. 

There  is  no  ink-bag,  and  the  funnel  does  not  formaco*^ 
plete  tube,  but  consists  of  two  muscular  lobes,  which  i*  : 
simply  in  apposition.  It  is  the  organ  by  which  swimmiflg  • } 
effected,  the  animal  being  propelled  through  the  waterjf  . 
means  of  the  reaction  produced  by  the  successive  jets  emittw 
from  the  funnel.  The  function  of  the  chambers  of  the  shi  :^ 
appears  to  be  that  of  reducing  the  specific  gravity  of  tte  i 
animal  to  near  that  of  the  surrounding  water,  since  they^^ 
most  probably  filled  with  some  gas  secreted  by  the  amnal-  • 
Good  authorities,  however,  believe  that  the  chambers  of  the 
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fl  are  filled  with  water.  The  function  of  the  siphuncle  is 
known,  except  in  so  far  as  it  doubtless  serves  to  maintain 
)  vitality  of  the  shell. 

Shkll  of  the  Tetrabranchiata. — The  shells  of  all  the 
frabranchiata  agree  in  the  following  points : — 
I.  The  shell  is  external 

I.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
"septa,"  the  edges  of  which,  where  they  appear  on  the 
fece  of  the  shell,  are  termed  the  "  sutures." 
J.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
\  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell  are  traversed  by  a 
MS,  termed  the  "siphuncle." 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
y  distinct  types  of  shell  may  be  distinguished  as  character- 
ic  of  the  two  families  Nauiilida  and  Ammonitidce,  into  which 
5  order  Tetrabranchiata  is  divided. 
In  the  family  Nautilida  (fig.  217,  //and  ^),  the  "septa"  of 


^  917.— Diasram  to  illa^ttrate  the  position  of  the  siphuncle  and  the  form  of  the  septa 
m  various  Tetrabranchiate  Cephalopoda,  llie  upper  row  of  figures  represents 
tzansTerse  sections  of  the  shells,  the  lower  row  represents  the  edges  of  the  septa. 
•  s  Ammonite  or  Baculite;  bbCeratite;  cc  GoHtatiU\  dd  Clymenial  e  e  San- 
tUnot  Ortkoceras, 

t  shell  are  simple,  curved,  or  slightly  lobed ;  the  "  sutures  " 
e  more  or  less  completely  plain ;  and  the  "  siphuncle "  is 
ntral,  sub-central,  or  internal  (/.  ^.,  on  the  concave  side  of  the 
iired  shells). 

In  the  family  AmmonitidcB  (fig.  217,  a,  h^  and  r),  on  the 
her  hand,  the  septa  are  folded  and  complex ;  the  sutures  are 
tgulated,  zigzag,  lobed,  or  foliaceous ;  and  the  siphuncle  is 
tenal  (/.  ^.,  on  the  convex  side  of  the  curved  shells).* 

In  the  AmmomHda^  the  initial  chamber  ("ovisac")  of  the  shell  is  an 
K-ibaped  chamber  isolated  from  the  first  air-chamber  by  a  distinct  con- 
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In  both  these  great  types  of  shell,  a  series  of  representuii 
forms  exist,  resembling  each  other  in  the  manner  in  whidi  tl 
shell  is  folded  or  coiled,  but  differing  in  their  fundament 
structure.  All  these  different  forms  may  be  looked  upcn  i 
produced  by  the  modification  of  a  greatly  elongated  crae,  fl 
structure  of  which  may  be  in  conformity  with  the  type  eitbi 
of  the  NauHlidx  or  of  the  Ammonitida.  The  following  tibl 
(after  Woodward)  exhibits  the  representative  forms  in  tbetv 
families  :— 


Ncaitilida. 

Shell  Straight Orthoceras. 

„     bent  on  itself .     .     .     Ascoceras  . 

„     curved Cyrtoc»as . 

„     spiral Trochoceras 

„  discoidal  ....  Gyroceras  . 
„  discoidal  and  produced  Lituites .  . 
„     involute      ....     Nautilus 


After  the  Nautilus  itself,  the  most  important  form  of  A- 
NautiU4a\%  the  Orthoceras  (fig.  21S).     In  structure  this  <tt 


Baculites. 

Ptychocew. 

Toxocens. 

Tuirilites. 

Crioceras- 

Ancyloccni 


of  1  rngmeitt  ilH^iiC 


doubtless  essentially  identical  with  the  Nautilus,  but  the  dw 
instead  of  being  coiled  into  a  spiral  lying  in  one  plane,  w»s  e 
tended  in  a  straight,  or  nearly  straight,  line.  Orthoceiatitet 
more  than  six  feet  in  length  have  been  discovered,  but  in  ■ 
the  body-chamber,  in  which  the  animal  was  lodged,  appeM* 
have  been  comparatively  small.  The  siphuncle  is  usually  n 
complex  in  structure,  and  was  calcareous  throughout  its  OiO 
length. 

Eilriction,  whereas  no  such  arrant^ment  obtains  in  the  NautUuir.  SmI 
stniclure,  however,  is  found  in  Spirula,  BtltmniUi,  and  other  allied  bH 
and  it  has  recently  been  concluded  (Munier-Chalmas)  that  the  Aw» 
itida  are  properly  Dibran<kiaU.  their  shell  being  an  inlemal  ikefatd 
phragmacone,  similar  to  the  shell  uT  the  Sfinta. 


HOLLUSCA:  CEPHALOPODA. 


417 


■tructure  of  the  shell  in  the  Ammortitida  is  exactly  that 
Pearly  Nautilus,  consisting  of  an  outer  porcellanous 

inner  nacreous  layer.  The  body-chamber  was  rather 
ed  than  laterally  expanded  or  dilated.  The  simplest 
"the  Amvumitida  is  the  Baculite,  in  which  the  shell  is 
;  Kke  that  of  an  Ortkoceras,  while  the  septa  have  the 
en  of  those  of  an  Ammonite^  and  the  siphuncle  is  ex- 

In  the  Turrilite  (fig,  230)  the  structure  of  the  shell  is 
K,  but  it  is  coiled  into  a  turreted  spiral.  In  the  Am- 
itself  (fig;  219),  the  shell  is  discoidal  and  involuted,  cor- 


^rent,  frain  lh«  Liu. 


ibg  (in  foTTti)  to  the  shell  of  the  Nautilus ;  the  body- 
tr  was  of  comparatively  latge  size,  and  had  its  aperture 

in  some  species  at  any  rate,  by  an  operculum.  The 
imetimes  attained  a  gigantic  size,  and  several  hundred 

of  the  genus  have  been  described.  In  Crioceras  (fig. 
e  ihelt  was  a  flat  spiral,  like  that  of  the  Ammonites, 

iriiorls  are  not  in  contact.     In  Toxoceras  the  shell  is 

Hke  a  bow.  In  Ancyloceras  (fig.  220)  the  shell  is  at 
tcoidal,  with  separate  whorls,  then  produced  into  a 
:  line,  and  finally  bent  forwards  into  a  hook, 

StBUTIOK   OF  THE    CEPHALOPODA    IN    SPACE, — All    the 

*poda,  without  exception,  are  marine.  Some  of  the 
Bshes  (such  as  the  Octopi  and  Septa)  live  in  the  vicinity 
i,  especially  firequenting  rocky  bottoms;  while  others 
a  Argonaula,  ^nila,  Srpiola,  Onychoieutkis,  &c.)  live 
ipen  sea,  often  far  from  Utnd,  swimming  at  or  near  the 
Some  of  the  Cuttle-fishes  attain  a  gigantic  size ;  but 
e  coImuI  forms  of  the  class  appear  to  belong  to  the 
21i 
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Decapoda.    The  Architeu/his  of  the  North  Atlantic  is  ctitainly 
known  to  attain  a  length  of  15  feet  or  upwards  to  the  body  and 


head,  and  from  30  to  40  feet  or  more  in  the  long  tentadts 
The  Pearly  Nautilus  is  confined  to  the  Pacific  and  Indiu 
Oceans,  and  appears  to  be  an  inhabitant  of  shallow  water. 

Distribution  of  Cephalopoda  in  Time. — The  CeptaJo- 
pods  are  largely  represented  in  all  the  primary  groups  of 
stratified  rocks  from  the  Upper  Cambrian  up  to  the  present 
day.  Of  the  two  orders  of  Cephalopoda,  the  Tetrabrantiiat 
is  the  oldest,  attaining  its  maximum  in  the  Palasozoic  penod, 
decreasing  in  the  Mesozoic  and  Kainozoic  epochs,  and  being 
represented  at  the  present  day  by  the  single  form  A'aulilit 
pompilius,  together  with  some  varieties  or  nearly  ^Uiw 
species.  Of  the  sections  of  this  order,  the  NautUida  propa 
and  the  Orihoceratida  are  pre-eminently  Palaeozoic,  am  ibe 
Ammonitida  are  not  only  pre-eminently,  but  are  almost  et 
clusively.  Secondary.  Of  the  abundance  of  the  two  fonDO 
families  in  the  Silurian  seas  some  idea  may  be  obtained  wb* 
it  is  mentioned  that  over  a  thousand  species  have  been  de- 
scribed by  M.  Barrande  from  the  Silurian  basin  of  BoheiW 
alone.  The  Nautilidn  proper  have  gradually  decreased  10  . 
numbers  from  the  Palfeozoic  through  the  Secondary  and  To- . 
tiary  periods  to  the  present  day.  The  Orihoceratida  died  ort  | 
much  sooner,  being  exclusively  Paheozoic,  with  the  eKcepucttj 
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of  the  genera  Orthoceras  itself  and  Cyrtoceras^  which  survived 
into  the  commencement  of  the  Secondary  period,  finally  dying 
out  in  the  Trias. 

The  second  family  of  the  Tetrahranchiata — ^viz.,  the  Animc- 
nitida — is  almost  exclusively  Secondary,  being  very  largely 
represented  by  numerous  species  of  the  genera  Ammonit€s^ 
dratiUs,  Baculitcs^  Turrilites,  &c  The  principal  Palajozoic 
genera  are  Goniatites  and  Bactrites^  of  which  the  former  is 
found  firom  the  Upper  Silurian  to  the  Trias,  whilst  the  latter  is 
a  Devonian  form;  but  true  Ammonites  have  been  found  in 
strata  of  Carboniferous  age  in  India  (Dr  Waagen).  The  genus 
Ceratiies  is  characteristically  Triassic,  but  it  is  said  to  occur  in 
the  Devonian  rocks.  All  the  remaining  genera  are  exclusively 
Secondary,  the  genera  Baculitcs^  Turrilites^  Hamites^  and  Pty- 
^ouras  being  confined  to  the  Cretaceous  period.  The  only 
genus  which  passes  up  into  the  Tertiary  is  Ammonites^  which 
occurs  in  beds  believed  to  be  of  this  age  in  America. 

Of  the  Dibranchiate  Cephalopoda  the  record  is  less  perfect, 
as  they  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
^5>pearance  in  the  Secondary  rocks,  where  they  are  represented 
1^  the  large  and  important  family  of  the  Belemnitidce,  Some 
of  the  Teuthida  and  Sepiada  are  found  both  in  the  Secondary 
and  in  the  Tertiary  rocks,  and  two  species  of  Argonaut  have 
heca  discovered  in  the  later  Tertiaries.  No  example  of  a 
Dibranchiate  Cephalopod  is  known  from  the  Palaeozoic  de- 
jwsits,  and  the  order  attains  its  maximum  at  the  present  day. 
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VERTEBRATE    ANIMALS. 


CHAPTER    LI. 

General  Characters  and  Divisions  of  the 

Vertebrata. 

:  6ve  sub-kingdoms  which  we  have  previously  considered — 
the  Protozoa^  Ccelentcrata^  Annuloida^  Annulosa^  and  Mol- 
I — were  grouped  together  by  the  French  naturalist  Lamarck 
)rm  one  great  division,  which  he  termed  Invertebrata^  the 
aining  members  of  the  animal  kingdom  constituting  the 
sion  Vertebrata,  The  division  Vertdfrata^  though  including 
^  a  single  sub-kingdom,  is  so  compact  and  well  marked  a 
non,  and  its  distinctive  characters  are  so  numerous  and  so 
ortant,  that  this  mode  of  looking  at  the  animal  kingdom  is, 
ay  rate,  a  very  convenient  one. 

he  sub-kingdom  Vertebrata  may  be  shortly  defined  as  com- 
ing animals  in  which  the  body  is  composed  of  a  number  of 
lite  segments  arranged  along  a  longitudinal  axis  ;  the  nervous 
m  is  in  its  main  masses  dorsal,  and  the  neural  and  hcemal 
ms  of  the  body  are  always  completely  shut  off  from  one 
her  by  a  partition ;  the  limbs  are  never  more  than  four  in 
bery  and  are  always  turned  away  from  the  neural  aspect  of 
Sody  ;  mostly  there  is  the  bony  axis  known  as  tlie  "  spine  "  or 
iebral  column,*^  and  in  all  the  structure  known  as  the  "  nolo- 
{"  is  present — in  the  embryo,  at  any  rate.  These  charac- 
distinguish  the  Vertebrata,  as  a  whole,  from  the  Inverte- 
i;  but  it  is  necessary  to  define  these  broad  differences 
minutely,  and  to  consider  others  which  are  of  litde  less 
rtance. 
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One  of  the  most  obvious,  as  it  is  one  of  the  most  fii 
mental,  of  the  distinctive  characters  of  Verttbrate$^  is  ti 
found  in  the  shutting  off  of  the  main  masses  of  the  ner 
system  from  the  general  cavity  of  the  body.  In  all  At 
hrate  animals,  without  exception,  the  body  (fig.  221,  A) 
be  regarded  as  a  single  tube,  enclosing  all  the  viscen; 


^ck 


Fig.  331. 'A,  Transverse  section  of  the  body  of  one  of  the  higher  Amrrftln 
Body-wall ;  h  Alimentary  canal ;  c  Haemal  system  ;  «  Nervous  system.  B» ' 
vense  section  of  the  body  of  a  Vertebrate  animal ;  a  Body-wall ;  b  K6m 
canal ;  c  Hsmal  system ;  «  Sympathetic  system  of  nerves;  iv'  Cerebro-qxaal  i 
of  nerves ;  ch  NotochonL 

consequently,  in  this  case,  the  nervous  system  is  conta 
within  the  general  cavity  of  the  body,  and  is  not  in  any 
shut  off  from  the  alimentary  canal.  The  transverse  sec 
however,  of  a  Vertebrate  animal  exhibits  tivo  tubes  (6g.  221 
one  of  which  contains  the  great  masses  of  the  nervous  sy: 
— that  is,  the  cerebro-spinal  axis,  or  brain  and  spinal 
— whilst  the  other  contains  the  alimentary  canal  and 
chief  circulatory  organs,  together  \iith  certain  poition 
the  nervous  system  known  as  the  "ganglionic"  or  **! 
pathetic"  system.  I-,eaving  the  cerebro-spinal  centres 
of  sight  for  a  moment,  we  see  that  the  larger  or  vi* 
tube  of  a  Vertebrate  animal  contains  the  digestive  canal 
haemal  system,  and  a  gangliated  nervous  system.  Now 
is  exactly  what  is  contained  in  the  visceral  cavity  of  ai 
the  higher  Invertebrate  animals ;  and  it  follows  from  thi 
pointed  out  by  Von  Baer,  that  it  is  the  sympathetic  ner 
system  of  Vertebrates  which  is  truly  comparable  to^ 
homologous  with,  the  nervous  system  of  Invertebrates, 
cerebro-spinal  nervous  centres  of  the  Vertebrata  are  to  b< 
garded  as  something  superadded,  and  not  represented  ai 
amongst  the  Invertehrata. 

The  tube  containing  the  cerebro-spinal  centres  is  fonne 
follows :  At  an  early  period  in  the  development  of  the  tsA 
of  any  Vertebrate  animal,  the  portion  of  the  ovum  in  wi 
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jpment  is  going  on  —  the  "genninal  area" — becomes 
ed  into  two  parallel  ridges,  one  on  each  side  of  the 
e  line,-  enclosing  between  them  a  long  groove,  which  is 
11  as  the  "primitive  groove"  (fig,  222,  A,  B).  The  ridges 
bound  the  primitive  groove  are  known  as  the  "  laminie 
let ; "  and  they  become  more  and  more  raised  up,  rill  they 
itdy  meet  in  the  middle  line,  and  unite  to  form  a  tube, 
I  which  the  cerebro-spinal  nervous  centres  are  developed; 
enn  from  its  mode  of  formation  that  the  inner  wall  of  the 
fbnsed  by-  the  primitive  groove,  which  remains  as  the 
n  between  the  cerebro-spinal  canal  and  the  body-cavity, 
ihing  more  than  a  portion  of  the  primitive  wall  of  the 
of  the  embryo.  And  there  appears  to  be  little  doubt,  as 
■edby  Remak  and  Huxley,  that  the  cerebro-spinal  nervous 
H  are  "  the  result  of  a  modification  of  that  serous  layer 
!  germ,  which  is  continuous  elsewhere  with  the  epidermis  " 

other  remarkable  peculiarity  as  regards  the  nervous  sys- 
I  found  in  the  fact  that  in  no  Vertebrate  animal  does  the 


1  anb,  ih^Wini'ihc  primiti™  rrxit  oifiaBBchoA    B,  Profik  ^—  - 

«.  C,  DlAgrun  reprtKnling  trie  amnion  uid  alluilois:  t  Embryos  a  Am- 
1:  «  i;iDlrilic>l  vnicle:  J  Alfu»oii;/Pidiclc  of  Ihe  allonloii,  afttnninls  Ihc 
■rr  Uiddci.    D,  Head  of  u  Embi^,  ihowini  the  viicenl  ■rchei  (v  v). 

Qtaiy  canal  pierce  the  main  masses  of  the  nervous  system, 
ms  away  to  open  on  the  opposite  side  of  the  body.  In 
Invertebrates,  on  the  other  hand,  in  which  there  is  a 
leveloped  nervous  system,  this  is  perforated  by  the  gullet, 
U  an  oesophageal  nerve-collar  is  formed,  and  some  of  the 
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nervous  centres  become  prse-oesophageal,  whib 
post-oesophageaL 

Furthermore,  the  floor  of  the  "primitive  grc 
embryo  of  all  Vertebrates  has  developed  in  it 
period  the  structure  known  as  the  ''notochord" 
dorsalis"  (fig.  221,  B,  ch).  This  structure,  dou 
sented  in  any  Invertebrate,  is  a  semi-gelatinous  or 
collection  of  cells,  forming  a  rod-like  axis,  which  ti 
ends,  and  extends  along  the  floor  of  the  cerebro- 
supporting  the  cerebro-spinal  nervous  centres.  ] 
tebrates,  such  as  the  Lancelet  (Amphiaxus)^  the  1 
persistent  throughout  life.  In  me  majority  of  cai 
the  notochord  is  replaced  before  mattuity  by  1 
known  as  the  "vertebral  column"  or  "back 
which  the  sub-kingdom  Vertd)rata  originally  deri^ 
This  is  not  the  place  for  an  anatomical  descri 
spinal  column,  and  it  is  sufficient  to  state  here  tlu 
tially  composed  of  a  series  of  cartilaginous,  or  i 
completely  ossified,  segments  or  vertebra^  arranged 
a  longitudinal  axis,  which  protects  the  great  m 
nervous  system.  It  is  to  be  remembered,  howc 
Vertebrate  animals  do  not  possess  a  vertebral  col 
all  possess  a  notochord ;  but  this  may  be  persis 
many  cases  the  development  of  the  spinal  column 
imperfect. 

Another  embryonic  structure  which  is  characi 
Vertebrates,  is  found  in  the  so-called  "visceral 
"clefts"  (fig.  222,  D).  The  "visceral  arches"  aj 
parallel  ridges  running  transversely  to  the  axis  c 
situated  at  the  sides  of,  and  posterior  to,  the  mouti 
opment  proceeds,  the  intervals  between  these  ric 
grooved  by  depressions  which  gradually  deepen 
become  converted  into  a  series  of  openings  or  "  cl 
by  a  free  communication  is  established  between  th 
of  the  alimentary  canal  (pharynx)  and  the  exten 
In  Fishes  and  many  Amphibians  the  greater  nu 
visceral  clefts  remain  open  throughout  life ;  and 
arches  of  all  fishes  (except  the  Lancelet)  throw  out 
or  lamellar  processes,  which  receive  branches  of  ti 
constitute  branchiae.  In  the  higher  Vertebrata  all 
clefts  become  closed,  whilst  no  branchiae  are  ev< 
upon  the  visceral  arches. 

The  limbs  of  Vertebrate  animals  are  always  a] 
the  body,  and  they  are  always  turned  away  fronc 
aspect  of  the  body.     They  may  be  altogether  wanl 
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may  be  partially  undeveloped ;  but  there  are  never  more  than 
two  pairs,  and  they  always  have  an  internal  skeleton  for  the 
Utachment  of  the  muscles  of  the  limb. 

A  specialised  blood- vascular  or  "  haemal "  system  is  present 
n  an  the  Vertebrata  ;  and  in  all  except  one — the  Amphioxus — 
here  is  a  contractile  cavity  or  hearty  which  never  consists  of 
esB  than  two  chambers  provided  with  valvular  apertures.  In 
iQ  the  Vertebrata  the  heart  is  essentially  a  respiratory  heart — 
hat  is  to  say,  it  is  concerned  with  driving  the  impure  or  venous 
ilood  to  the  breathing  organs;  and  in  its  simplest  forms  (fishes) 
t  is  nothing  more  than  tJiis.  In  the  higher  Vertebrates,  how- 
tcr,  there  is  superadded  to  this  a  pair  of  cavities  which  are 
iODcemed  in  driving  the  pure  or  arterial  blood  to  the  body, 
in  the  case  of  the  Mammals,  these  two  circulations  are  often 
poken  of  as  the  "lesser"  or  "pulmonary"  circulation,  and 
he  "greater"  or  "systemic"  circulation. 

In  all  Vertebrates  there  is  that  peculiar  modification  of  the 
tnous  system  which  is  known  as  the  "hepatic  portal  system." 
fhat  is  to  say,  a  portion  of  the  blood  which  is  sent  to  the  ali- 
Kntary  canal,  instead  of  returning  to  the  heart  by  the  ordinary 
cins,  is  carried  to  the  liver  by  a  special  vessel — the  vena 
nta — ^which  ramifies  through  this  organ  after  the  manner  of 
D  artery. 

In  all  Vertebrates,  also,  is  found  the  peculiar  system  of  ves- 
ds  known  as  the  "  lacteal  system."  This  is  to  be  regarded 
I  an  appendage  of  the  venous  system  of  blood  vessels,  and 
ODsists  of  a  series  of  vessels  which  take  up  the  products  of 
%estion  from  the  alimentary  canal,  elaborate  them,  and  finally 
n>ty  their  contents  into  the  veins. 

Lastly,  the  masticatory  organs  of  Vertebrates  are  modified 
otions  of  the  walls  of  the  head,  and  never  "  hard  productions 
f  the  alunentary  mucous  membrane,  or  modified  limbs  "  (Hux- 
qr)^as  they  are  amongst  the  Invertebrata. 

The  above  are  the  leading  characters  of  the  Vertebrata  as  a 
Aoie ;  but  before  going  on  to  consider  the  primary  divisions 
rf  Ac  sub-kingdom,  it  may  be  as  well  to  give  a  very  brief  and 
■enml  description  of  the  anatomy  of  the  higher  and  more 
Epical  Vertebrates,  commencing  with  their  bony  framework, 
•idieleton. 

The  skeleton  of  the  Vertebrata  may  be  regarded  as  consisting 
Biientially  of  the  bones  which  go  to  form  the  head  and  trunk 
■^the  one  hand  (sometimes  called  the  "axial"  skeleton),  and 
Pj those  which  form  the  supports  for  the  limbs  ("  appendicular  " 
^^feton)  on  the  other  hand.  The  bones  of  the  head  and 
■'ok  may  be  looked  upon  as  essentially  composed  of  a  series 
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of  bony  rings  or  segments,  arranged  longitudinally,  one  t 
the  other.  Anteriorly  these  segments  are  much  expande 
likewise  much  modified,  to  form  the  bony  case  which  en 
the  brain,  and  which  is  termed  the  cranium  or  skulL  I 
the  head  the  segments  enclose  a  much  smaller  cavity,  iri 
called  the  '*  neural "  or  spinal  canal,  as  it  encloses  die 
cord ;  and  they  are  arranged  one  behind  the  other,  & 
the  vertebral  column.  The  segments  which  form  the  ve 
column  are  called  "vertebrae,"  and  they  have  the  foE 
general  structure  :  Each  vertebra  (fig.  223,  A)  consists  of 


Fig.  223.— A,  Lumbar  vertebra  of  a  Whale :  c  Body  or  centrum ;  n  m  Neon 
s  Neural  spine  ;  an  Articular  proces-scs  :  </</  Transverse  processes.  B,  D 
a  thoracic  vertebra  :  c  Centrum ;  «  «  Neural  arches  enclosing  the  nemal 
Neural  spine  ;  rr  Ribs,  assisting  in  the  formation  of  the  haemal  arch ;  //C 
tilages ;  6  Sternum,  with  haemal  spine.     (After  Owen.) 

tral  piece,  which  is  the  fundamental  and  essential  elcD 
the  vertebra,  and  is  known  as  the  "  body "  or  **  central 
From  the  upper  or  posterior  surface  of  the  centrum  spri 
bony  arches  (;/ ;/),  which  are  called  the  "  neural  arch 
"  neurapophyses,"  because  they  form  with  the  body  a  c 
the  "  neural  canal " — which  encloses  the  spinal  cord 
the  point  where  the  neural  arches  meet  behind,  there  is' 
developed  a  longer  or  shorter  spine,  which  is  termed  thi 
ROUS  process,"  or  "  neural  spine  "  (s).  From  the  neural 
there  are  also  developed  in  the  typical  vertebra  two  pn 
(aa\  which  are  known  as  the  "articular"  processes,  or 
pophyses.'*  The  vertebrae  are  united  to  one  another  pG 
these,  but  to  a  greater  extent  by  the  bodies  or  "  centra." 
the  sides  of  the  vertebral  body,  at  the  point  of  juncti< 
the  neural  arches,  there  proceed  two  lateral  processe 
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Ucfa  are  known  as  the  '*  transverse  processes."  (In  the  typi- 
il  vertebra  the  transverse  processes  consist  each  of  two  pieces, 
I  anterior  piece  or  "  parapophysis,"  and  a  posterior  piece  or 
di^K>physis.")  These  elements  form  the  vertebra  of  the 
Bnan  anatomist,  but  the  "  vertebra "  of  the  transcendental 
ntomist  is  completed  by  a  second  arch  which  is  placed  be- 
aA  the  body  of  the  vertebra,  and  which  is  called  the  "  hae- 
mI"  arch,  as  it  includes  and  protects  the  main  organs  of  the 
icnlation.  This  second  arch  is  often  only  recognisable  with 
(tat  difficulty,  as  its  parts  are  generally  much  modified,  but  a 
ood  example  may  be  obtained  in  the  human  chest,  or  in  the 
mdal  vertebra  of  a  bony  fish. 

The  haemal  arch  in  the  case  of  the  human  thorax  (fig.  223, 
)bfonned  by  the  ribs  (rr)  and  the  costal  cartilages  (//), 
od  is  completed  in  front  by  the  breast-bone  or  sternum  (^), 
hich  in  some  cases — but  not  in  man — develops  a  spine  (the 
aemal  spine)  which  corresponds  to  the  neural  spine  on  the 
pposite  aspect  of  the  vertebra. 

It  follows  from  the  above,  that  the  typical  vertebra  consists 
fa  central  piece  or  body  from  which  two  arches  are  given  off, 
DC  of  which  protects  the  great  masses  of  the  nervous  system, 
od  is  therefore  said  to  be  "  neural ; "  whilst  the  other  protects 
le  main  organs  of  the  circulation,  and  is  therefore  said  to  be 
haemaL"  The  correspondence  of  the  typical  bony  segment 
TTcrtebra  with  the  doubly  tubular  structure  of  the  body  in  all 
[otebrates  is  thus  too  obvious  to  require  to  be  specially 
out 
a  general  rule,  the  vertebral  column  is  divisible  into  a 
of  distinct  regions,  of  which  the  following  are  recog- 
in  man  and  in  the  higher  Vertebrata :  i.  A  series  of 
which  compose  the  neck,  and  constitute  the  "  cervical 
"of  the  spine  (fig.  224,//).  2.  A  number  of  vertebrae 
usually  cany  well-developed  ribs,  and  form  the  "  dorsal 
{d).  3.  A  series  of  vertebrae  which  form  the  region 
Ibc  loins,  or  "lumbar  region"  (/).  4.  A  greater  or  less 
of  vertebrae  which  constitute  the  "  sacral  region,"  and 
usually  amalgamated  or  "anchylosed"  together  to  form 
le  bone,  the  "  sacrum."  5.  The  spinal  column  is  com- 
by  a  variable  number  of  vertebrae  which  constitute  the 
"  region,  or  tail  (c), 
r^^ds  the  skull  of  the  Vertebrata^  it  has  been  thought 
>Ie  not  to  enter  into  any  general  details  here,  partly 
j^nse  the  sabject  is  one  which  can  only  be  properly  dis- 
|tod  in  a  work  specially  devoted  to  Human  or  Comparative 
ktomyi  and  partly  because  there  is  still  much  diversity  of 
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opinion  as  to  the  exact  composition  of  the  dralL  Tl 
however,  a  very  general  concurrence  of  opinion  that  tt 
is  composed  of  a  number  of  separate  segments,  and  t 
point  which  it  is  important  to  remember,  fijr  Owen,  j 
many  other  competent  authorities,  these  cranial  scgme 
looked  upon  as  being  nothing  more  than  so  many  n 
the  neural  canals  of  which  are  greatly  expanded,  to  < 
the  brain,  whilst  the  haemal  arches  are  very  gready  mod 
serve  different  purposes.     This  view  is  not  accepted  b 


Fig.  324.— Skeleton  of  Dog  (Cant's /ami/iaris).    After  Vouatt.    *  Sknll;  » 
region  of  the  spine ;  d  Dorsal  region ;  /  Lumbar  region ;  c  Caudal  region ;  k  a 
y  Fore-arm;  ca  Carpus;  m  Metacarpus ;  t  Ilium ;y4r  Femur;  /  htglt* 
m  Metatarsus ;  r  Ribs ;  b  Sternum ;  p  Ligamentum  naclue. 

ley ;  but  the  general  fact  that  the  skull  is  composed  of  se 
segments  appears  to  be  universally  admitted.  The  ool 
tion  of  the  bony  framework  of  the  head  which  it  is  absc 
essential  to  understand,  is  the  lower  jaw  or  "  mandible.' 
lower  jaw  is  sometimes  wanting,  but  when  present,  it  c< 
in  all  Vcrtebrata  of  two  halves  or  "  rami,"  which  are  uni 
one  another  in  front,  and  articulate  separately  with  tlu 
behind.  In  many  cases,  each  half,  or  "  ramus,"  of  the 
jaw  consists  of  several  pieces  united  to  one  another  by  so 
but  in  the  Mammalia  each  ramus  consists  of  no  more  t 
single  piece.  The  two  rami  are  very  variously  connecttt 
one  another,  being  sometimes  only  joined  by  ligamen' 
muscles,  sometimes  united  by  cartilage  or  by  bony  sutur 
sometimes  fused  or  anchylosed  with  one  another,  so  as  to 
no  evidence  of  their  true  composition.  The  mode  \si 
each  ramus  of  the  lower  jaw  articulates  with  the  sknl 
varies.  In  the  Mammalia  the  lower  jaw  articulates ' 
cavity  formed  on  what  is  known  to  human  anatomists ; 
temporal  bone;  but  in  Birds  and  Reptiles  the  lower  jaw  1 
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le  skull,  not  directly,  but  by  the  intervention  of  a 

J,  known  as  the  "  quadrate  bone  "  or  os  quadratum. 

%  the  limbs  of  Vertebrates,  whilst  many  differences 

I  will  be  afterwards  noticed,  there  is  a  general 

n  the  parts  of  which  they 

ed.    As  a  rule,  each  pair  of 

ued  to  the  trunk  by  means 

of  bones  which  also  corre- 

le  another  in  general  struc- 

fore-limbs,  often  called  the 

limbs,  are  united  with  the 

sans  of  a  bony  arch,  which 

5  "pectoral"  or  "scapular" 

»t  the  hind-limbs  are  simi- 

ted  with  the  trunk  by  means 

Ac  arch."     In  giving  a  gen- 

tion  of  the  parts  which  com- 

imbs  and   their   supporting 

ill  be  best  to  take  the  case 

al,  and  the  departures  from 

1  then  be  readily  recognised. 
oral  or  scapular  arch  consists 
hree  bones,  the  "scapula" 
-blade,  the  "  coracoid,"  and 
le"  or  collar-bone;  but  in 
ajority  of  the  Mammals,  the  / 
anchylosed  with  the  scapula, 
forms  a  mere  process.  The 
lioulder-blade  (fig.  225,  x)  is 

:ed  outside  the   ribs,   and  it    Fig.  935.— Pectoral  Hmb  (arm) 

:  alone  or  in  conjunction  with     i  ^:^^:\^'^X"lr 

ial  element  of  the  shoulder-       »houlder-bIade:  a  Humerus; 

cavity  with  which  the  upper 
ticulated.  The  coracoid, 
ely    existing  as  a   distinct 

2  Mammals,  plays  a  very  important  part  in  other 
,  as  we  shall  see  hereafter.     The  clavicles  are  often 

rudimentary,  and  they  are  the  least  essential  ele- 
ie  scapular  arch.  The  fore-limb  proper  consists, 
a  single  bone  which  forms  the  upper  arm  (or 
"),  and  which  is  known  as  the  humerus  (h).  This 
above  with  the  shoulder-girdle,  and  is  followed 
le  fore-arm  (or  "  antibrachium  "),  which  consists  of 
iralled  the  radius  and  ulna.  Of  these  the  radius  is 
:emed  with  carrying  the  hand  (or  "  manus  ").    The 

2  £ 


r  Radius ;  u  Ulna ;  d  Bones 
of  the  wrist,  or  carpus;  tn 
Metacarpus ;  /  Phalanges  of 
the  fingers. 
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radius  and  ulna  are  followed  by  the  bones  of  the  wrist,  whidi 
are  usually  composed  of  several  bones,  and  constitute  what  is 
called  the  carpus  (d).    These  support  the  bones  of  the  root  of 
the  hand,  which  vary  in  number,  but  are  alwajrs  more  or  less 
cylindrical  in  shape.    They  constitute  what  is  called  the  Mto- 
carpus.     The  bones  of  the  metacarpus  carry  the  digits,  whidi 
also  vary  in  number,  but  are  composed  each  of  from  two  to 
three  cylindrical  bones,  which  are  known  as  the  phalanges  {j\ 
Homologous  parts  are,  as  a  rule,  readibly  recognisable  in  the 
hind-limb.     The  pelvic  arch,  by  which  the  hind- 
limb  is  united  with  the  trunk,  consists  of  thice 
pieces — the/Tww,  ischium^  zxi6,pubes — ^iHiidiare 
usually  anchylosed  together,  and  form  conjcHodj 
what  is  known  as  the  innominate  b(meifL%,  226,1) 
In  most  Mammals,  the  two  innominate  boos 
unite  in  front  by  ligamentous  or  cartilaginoa 
union,  and  they  constitute,  with  the  saaim 
what  is  known  as  the  pelvis.     The  hindJiB* 
proper  consists  of  the  following  parts : — i.  IT* 
thigh  -  bone   or  femur ^  corresponding  wth  the 
humerus  in  the  fore-limb.      2.  The  bones  rf 
the  shank  (or  "  crus  "),  corresponding  with  the 
radius  and  ulna  of  the  fore-limb,  and  known » 
the  tibia  and  fibula.      Of  these,   the  tibia  iJ 
mainly  or  altogether  concerned  in  canning  tb 
foot  (or  "pes"),  and  it  is  thus  shown  to  coot- 
spond  to  the  radius,  whilst  the  fibula  coiicspODi 
to  the  ulna.     3.  The  small  bones  of  the  antti 
known  as  the  tarsus^  and  varying  in  number  ■ 
different  cases.     4.  A  variable  number  of  cpj 
drical  bones  (normally  five),  which  are  caW 
the  metatarsus^  and  which  correspond  to  tt^ 
metacarpus.     5.  Lastly,  the  metatarsus  can* 
Fig.   226.  —  Pelvic  the  digits,  which  consist  of  from  two  to  thi*- 
or^  SJimpiL'J^^  ^"^^  bones  or  phalanges,  as  in  the  fo^^li^lh•  . 
(after  Owen),    i       The  (Hgestivc  systcm  of  Vertebrates  wiD  ¥' 
/F:m!:ro:Jhigh:  spoken  of  at  greater  length   hereafter;  bat' 
bone;  /Tibia;  t  brief  skctch  may  be  given  here  of  thegenfl* 

Fibula;  r Tarsus;        ,  -   %.  V  .  n   •»»         t    \^«m 

m  Metatarsus;  >  phenomena  of  digestion.      All  Vertebrate i» 
J^J^"«*=*  °^  ^*  inals  are  provided  with  a  mouth  for  the 

tion  of  food,  and  in  the  great  majority  of 
the  mouth  is  furnished  with  teeth,  which  are  used  so 
merely  to  hold  the  prey,  but  more  commonly  to  cut  and 
the  food,  and  thus  render  it  capable  of  digestion.    The 
also  generally  subjected  in  the  mouth  to  the  action  of 
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glands,  the  secretion  of  which  serves  not  only  to  moisten 
wd,  and  thus  mechanically  assist  deglutition,  but  also  to 
ST  soluble  the  starchy  elements  of  the  food.  The  food  is 
swallowed,  or,  in  other  words,  is  transferred  from  the 
fa  to  the  stomach,  this  being  effected  by  a  complicated 
gement  of  muscles,  whereby  the  food  is  forced  down  the 
[  {4U(^Aagus)  to  the  proper  digestive  cavity  or  stomach. 
e  stomach  (fig.  227,  f)  the  food  is  subjected  to  two  sets  of 
as;  it  is  mechanically  triturated 
ground  down  by  the  constant 
actions  of  the  muscular  walls 
:  stomach;  and  it  is  subjected 
e  chemical  action  of  a  special 
secreted  by  the  stomach,  and 
1   the    "gastric  juice."     This 

bas  the  power  of  reducing 
ninoid  substances  to  a  soluble 
.  and  by  its  action  the  food  is 
ately  reduced  to  a  thick  acid 

called  the  "chyme."  Leav- 
he  stomach  by  its  lower  aper- 
\^efiylonu),  the  chyme  passes 
die  intestine,  the  first  portion 
rluch  is  divided  into  several 
005,  but  is  collectively  known 
«  "  small  intestine."  Here  the 
K  is  subjected  to  the  action  of 
iMherdigestivefluids;  theMe, 
Sled  by  a  special  organ,  the 
■;  the  pamre^ic  juice,  secreted 
mother  gland,   the  pancreas; 

(he  intatinal  juice,  secreted  by 
lin  glands  situated  in  the  muc-  I 
nembrane  of  the  intestine  itself. 

result  of  the  whole  process  is 

the  "  chyme  "  is  ultimately 
■erted  into  a  white,  alkaline, 
ydaid,  which  is  called  "  chyle," 

•e  food  pass  from  the  small  intestine  into  a  tube  of  larger 
inuons,  called  the  "large  intestine."    Such  portions  of  the 

as  are  still  soluble,  and  capable  of  being  employed  in 
ition,  are  here  taken  up  into  the  blood,  the  useless 
under  being  ultimately  expelled  by  an  anal  aperture.  The 
portion  of  the  large  intestine  is  usually  less  convoluted 

the  rest,  andJs  called  the  "rectum." 


)iiierain  of  ih*  d[geslivr 


The  indigestible  portions 
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The  fluid  and  originally  soluble  portions  of  the  food,  and  the 
chyle  which  is  formed  in  the  process  of  digestion,  are  taken  into 
the  blood,  the  losses  of  which  they  serve  to  repair.  Part  of 
the  nutritive  materials  of  the  food  is  taken  up  directly  by  ^ 
blood-vessels,  and  is  conveyed  by  the  "vejia  portae"  to  the 
liver,  whence  it  ultimately  reaches  the  great  veins  which  go  to 
the  heart.  The  greater  part,  however,  of  the  liquefied  food, 
constituting  the  chyle,  is  taken  up,  not  by  the  blood-vcssAj 
but  by  a  special  set  of  tubes,  which  form  a  network  in  die 
walls  of  the  intestine,  and  are  known  as  the  '^  lacteak."  Ii 
these  vessels,  and  in  certain  glands  which  are  developed  upon 
them,  the  chyle  undergoes  still  further  elaboration,  andisnttde 
more  similar  in  composition  to  the  blood  itself.  All  the  htitei 
vessels  ultimately  unite  into  one  or  more  large  vessels  wfaick 
open  into  one  of  the  veins,  so  that  all  the  chyle  is  thus  finaBjf 
added  to  the  mass  of  the  circulating  blood. 

The  Moody  then,  or  nutrient  fluid  from  which  the  tissues  m 
built  up,  is  formed  in  this  way  out  of  the  materials  which  IR 
taken  into  the  alimentary  canal  as  food.  In  all  the  Vertcbiati, 
with  the  single  exception  of  the  Lancelet  (AmpAioxus),  the 
blood  is  of  a  red  colour  when  viewed  in  mass.  This  is  dac 
to  the  presence  in  it  of  an  incredible  number  of  microscopical 
bodies,  which  are  known  as  the  "  blood-corpuscles,"  the  fluid 
in  which  these  float  being  itself  colourless  (fig.  228). 

In  all  the  Vertcbrata  the  blood  is  distributed  through  Ac 
body  by  means  of  a  system  of  closed  tubes,  which  constitute 


t-.^ 
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Fig.  228. — Blood-corpuscles  of  Vertcbrata.    a  Red  blood-dlscs  of  man ;  h  Hood- 
discs  of  Goose ;  c  Crocodile ;  d  Frog ;  e  Skate. 

the  "  blood-vessels; "  and  in  all  except  the  Lancelet,  the 
of  propulsion  are  derived  from  a  contractile  muscular 
or  "heart,"  furnished  with  valvular  apertures.     In  the 
complete  form  of  circulation,  as  seen  in  Birds  and  Mami 
the   heart  is   essentially  a  double  organ,  composed  of 
halves,  each  of  which  consists  of  two  cavities,  an  auricle 
a  ventricle.     The  right  side  of  the  heart  is  wholly  coi 
with  the  "  lesser "  or  pulmonary  circulation,  whilst  the 
side  is  concerned  with  driving  the  blood  to  all  parts  of 
body  (systemic  circulation).     The  modifications  of  the  r^ 
tor}'  process  will  be  noticed  in  speaking  of  the  different 
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biates,  but  a  brief  sketch  may  be  given  here  of  the 
on,  in  its  most  complete  form,  as  in  a  Mammal*  In 
ase,  the  venous  or  impure  blood,  which  has  circulated 
the  body  and  has  parted  with  its  oxygen,  is  returned 
[reat  veins  to  the  right  auricle.  From  the  right  auricle 
I,  a)  the  blood  passes  by  a  valvular  aperture  into  the 
ntricle  (v),  whence  it  is  driven 

the  pulmonary  artery  to  the 
The  right  side  of  the  heart  is 
e  wholly  respiratory  in  its  func- 
iaving  been  submitted  to  the 
Hi  the  lungs,  and  having  given 
onic  acid  and  taken  up  oxygen, 
od  now  becomes  arterial,  and 
led  by  the  pulmonary  veins  to 
auricle  {a'),     From  the  left  aur- 

aerated  blood  passes  through 
lar  aperture  into  the  left  ven- 
''),  whence  it  is  propelled  to  all 

the  body  by  means  of  a  great 
:  vessel,  the  "  aorta."    The  left 

the  heart  is  therefore  wholly 
d  in  carrying  out  the  **  greater  " 
mic  circulation. 

purification  of  the  blood  is  car- 
:  in  all  Vertebrates  by  means  of 

respiratory  organs,  assisted  to 
er  or  less  extent  by  the  skin. 
Fishes,  and  in  the  Amphibians 
J  extent,  the  process  of  respira- 
atfried  on  by  means  of  branchicB 
—  that  is,  by  organs  adapted 
athing  air  dissolved  in  water. 
re  therefore  often  spoken  of  as 
:hiate  "  Vertebrates  ;  but  the 
tians  always  develop  true  lungs 
later  stages  of  their  existence. 

Reptiles,  Birds,  and  Mammals,  branchiae  are  never 
ed,  and  the  respiration  is  always  carried  on  by  means 

longs — that  is,  by  organs  adapted  for  breathing  air 
These  are  therefore  often  spoken  of  as  the  "  Abran- 
Vertebrates. 
iraste  substances  of  the  body — of  which  the  most  im- 

are  water,  carbonic  acid,  and  urea — are  got  rid  of  by 
ii.liingSy  and  kidneys.    Under  ordinary  circumstances^ 


Fig.  22J). — Diagram  of  the 
culation  of  a  Mammal. 


cir- 
The 

venous  system  ^  is  marked 
black  ;  the  arterial  system  is 
left  white,  a  Right  auricle  ; 
V  Right  ventricle ;  /  Pulmo- 
nary artery,  carrying  venous 
blood  to  the  lungs ;  /^Pulmo- 
nary veins,  carrying  arterial 
blood  from  the  lungs ;  a'  Left 
auricle  :  t/  Left  ventricle  ;  b 
Aorta,  carrying  arterial  blood 
to  the  body;  c  Vena  cava, 
canying  venous  blood  to  the 
heart. 
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the  lungs  are  mainly  occupied  with  the  excretion  of  caibonk 
acid  and  watery  vapour.  The  skin  chiefly  gets  rid  of  supff- 
fluous  moistiure,  but  can  also  in  many  animals  excrete  carbonic 
acid  as  well.  The  kidneys  are  present  in  almost  all  Vertduate 
animals,  and  their  function  is  mainly  to  excrete  water,  and  the 
nitrogenous  substance  known  as  urea.  In  the  majoritjr  of 
cases  the  fluid  excreted  by  the  kidneys  is  conveyed  to  the 
exterior  by  means  of  two  tubes  known  as  the  ureters,  whidi 
empty  themselves  into  a  common  receptacle,  the  urinaiy  blad- 
der. In  some  cases,  however,  the  ureters  open  into  Ac  ter- 
mination of  the  alimentary  canal  (rectum). 

The  nervous  system  of  Vertebrate  ammals  usually  exhibits 
a  well-marked  division  into  two  parts — the  cerebro-spinal  sys- 
tem, and  the  sympathetic  system.  The  cerebro-spinal  systen 
of  nerves  constitutes  the  great  mass  of  the  nervous  sysuan  of 
Vertebrates,  and  usually  exhibits  a  well-marked  sepaiatioi 
into  spinal  cord  (myelon)  and  brain  (enc^halon).  The  propoi* . 
tion  borne  by  the  brain  to  the  spinal  cord  diflers  much  in  di^ 
ferent  cases ;  and  in  the  Lancelet  a  brain  can  hardly  be  said 
to  be  present  at  all.  As  already  said,  the  brain  and  spiwl 
cord  are  always  completely  shut  off"  from  the  visceral  caTilf, 
and  they  are  placed  upon  the  dorsal  surface  of  the  body.  The 
nerves  given  off"  from  the  cerebro-spinal  axis  are  s)rmmetriallf 
disposed  on  the  two  sides  of  the  body,  and  they  are  mainlf 
concerned  with  the  functions  of  "  animal "  life — that  is  to  say. 
with  sensation  and  locomotion.  The  sympathetic  system  of 
nerves  is  unsymmetrically  disposed  to  a  greater  or  less  exteD^ 
and  presides  mainly  over  the  functions  of  "  organic"  or  "v^ 
tative  "  life,  being  chiefly  concerned  with  regulating  the  func- 
tions of  digestion  and  respiration,  and  the  circulation  of  the 
blood.  In  its  most  fully  developed  form  it  consists  of  a  douHe 
gangliated  cord  placed  in  the  visceral  cavity  on  the  under  80^ 
face  of  the  spine,  and  of  a  series  of  nervous  ganglia,  united  tj 
nervous  cords,  and  scattered  chiefly  over  the  great  viscc»» 
the  thorax  and  abdomen. 

The  organs  of  the  senses  are  well  developed  in  the  VhitMfi 
and  those  appropriated  to  the  senses  of  sigA/,  hearings  stm 
and  faste  are  protected  within  bony  cavities  of  the  head.   1^ 
perfection  of  the  senses  differs  much  in  different  cases,  but  W 
are  probably  never  wholly  wanting  in  any  Vertebrate  anin* 
There  are  cases  in  which  vision  must  be  of  the  most  nidiiB*' 
tary  character ;  but  even  in  these  cases  it  is  probable  that  thfl^ 
is  a  perception  of  light,  even  if  there  is  no  power  of  distingoi^^ 
ing  objects.     The  only  cases  in  which  it  would  appear 
vision  is  really  altogether  absent,  are  those  of  aninials 
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ler  the  wholly  abnormal  condition  of  spending  their  exist- 
:e  in  darkness  (such  as  the  Proteus  anguinm  of  the  caves  of 
piia).  Smell,  hearing,  and  taste  are  probably  rarely,  if  ever, 
3gether  absent  in  Vertebrates ;  though  in  many  cases  their 
;aiis  arc  very  rudimentary.  Touch,  or  "  tactile  sensibility," 
isuaUy  possessed  to  a  greater  or  less  degree  by  the  entire 
£ue  of  the  body ;  but  the  sense  of  touch  is  generally  localised 
certain  particular  parts,  such  as  the  appendages  of  the  mouth, 
\  lips,  the  tongue,  or  the  digits. 

[n  all  Vertebrata  without  exception  reproduction  is  carried 
by  means  of  the  sexes,  and  in  all  the  sexes  are  in  different 
lividuals.  No  vertebrate  animal  possesses  the  power  of 
xroducing  itself  by  fission  or  gemmation ;  and  in  no  case 
\  <Somposite  organisms  or  colonies  produced.  Most  of  the 
itebrates  are  oviparous — that  is  to  say,  the  ova  are  expelled 
m  the  body  of  the  parent  either  before  or  very  shortly  after 
pregnation.  In  other  cases,  the  eggs  are  retained  within  the 
dy  of  the  parent  imtil  the  young  are  hatched,  but  no  direct 
uiection  is  formed  between  the  foetus  and  the  mother,  and 
these  cases  the  animals  are  said  to  be  ovoviviparous.  In 
ler  cases,  again,  not  only  is  the  egg  hatched  within  the 
rent,  but  the  embryo  is  retained  within  the  body  of  the 
»ther,  from  whom  it  receives  nourishment  by  direct  vascular 
cmection,  until  its  development  has  been  carried  out  to  a 
ater  or  less  extent ;  and  these  animals  are  said  to  be  vivi- 

Many  vertebrate  animals  possess  an  exoskeleton,  formed  by 
tardening  of  one  or  other  layer  of  the  integument  The 
egument  is  composed  of  two  layers — an  external  non-vascu- 
••jepidermis,"  and  a  deeper  vascular  "dermis" — and  the 
sskeleton  may  be  formed  by  the  deposition  of  homy  matter, 
of  salts  of  lime,  in  either  or  in  both  of  these.  The  epider- 
il  exoskeleton  is  always  homy,  and,  when  present,  is  gener- 
Y  in  the  form  of  hairs  {Mammalia\  feathers  (Birds),  scales 
apents  and  many  lizards^,  or  plates  (Chelonians).  The 
my  sheaths  of  the  jaws  m  Birds  and  some  Reptiles,  the 
ter  covering  of  the  honjs  in  some  Mammals,  the  hoofs, 
tws,  and  nails  of  Mammalia^  are  likewise  epidermic  The 
Tmal  exoskeleton  may  be  either  homy  or  bony ;  and  good 
amples  of  it  are  to  be  found  in  the  scales  of  fishes,  the  bony 
atcs  of  the  Crocodiles,  and  the  armour-plates  of  the  Arma- 
Uos. 

Divisions  of  the  Vertebrata. — ^The  sub-kingdom  Verte- 
ttto  is  divided  into  the  five  great  classes  of  the  Fishes 
%«j),  Amphibians   {Amphibia)^  Reptiles  {Reptiiia\  Birds 
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(Aves),  and  Mammals  {Mammalia).  So  for  there  is  perfect 
unanimity ;  but  when  it  is  inquired  into  what  laiger  sections 
the  Vertebrata  may  be  divided  there  is  much  difference  of 
opinion.  Here,  the  divisions  proposed  by  Professor  Huxlcjr 
will  be  adopted ;  but  it  is  necessary  that  those  employed  hf 
other  writers  should  be  mentioned  and  explained. 

One  of  the  commonest  methods  of  classif3ring  the  Verte- 
brata  is  to  divide  them  into  the  two  primary  sections  of  the 
Branchiata  and  Abranchiata.  Of  these,  the  Branchiate  sec- 
tion includes  the  Fishes  and  Amphibians,  and  is  characterised 
by  the  fact  that  the  animal  is  always  provided  at  some  peiwd 
of  its  life  with  branchiae  or  gills.  The  Abranchiate  section 
includes  the  Reptiles,  Birds,  and  Mammals,  and  is  charadter- 
ised  by  the  fact  that  the  animal  is  never  provided  at  any  time 
of  its  life  with  gills.  Additional  characters  of  the  Branchiate 
Vertebrates  are,  that  the  embryo  is  not  furnished  with  the 
structures  known  as  the  amnion  and  aiiantois.  Hence  the 
Branchiate  Vertebrates  are  often  spoken  of  as  the  AnamnifU 
and  as  the  Anallantoidea,  In  the  Abranchiate  Vertebrates, 
on  the  other  hand,  the  embryo  is  always  provided  with  an 
amnion  and  allantois,  and  hence  this  section  is  spoken  of  as 
the  Amniota  or  as  the  Ailantoidea.* 

By  Professor  Owen  the  Vertebrata  are  divided  into  the  two 
primary  sections  of  the  Hcematocrya  and  the  HctmatcthenM^ 
the  characters  of  the  blood  being  taken  as  the  distinctive 
character.  The  JfcBttiatocrya  or  Cold-blooded  Vertebrates 
comprise  the  Fishes,  Amphibia,  and  Reptiles,  and  are  charac- 
terised by  their  cold  blood  and  imperfect  circulation.  The 
HcematotJurma  or  Warm  -  blooded  Vertebrates  comprise  the 
Birds  arid  the  Mammals,  and  are  characterised  by  their  hot 
blood,  four-chambered  heart,  and  complete  separation  of  the 
pulmonary  and  systemic  circulations.  The  chief  objection  to 
this  division  lies  in  the  separation  which  is  effected  between 

*  The  amnion  (fig.  222,  C)  is  a  membranous  sac,  containing  a  fluid— the 
liquor  amnii  —  and  completely  enveloping  the  embryo.      It  constiiotei 
one  of  the  so-called  "fcetal  membranes,    and  is  thrown  off  at  birth.    Tlie 
allantois  (fig.  222,  C)  is  an  embryonic  structure,  which  is  developed  out  0^ 
the  middle  or  **  vascular"  layer  of  the  germinal  membrane.     It  appear *J 
first  as  a  solid,  pear-shaped,  cellular  mass,  arising  from  the  under  part « 
the  bodv  of  the  embryo.     In  the  process  of  development,  the  allantois  in- 
creases largely  in  size,  and  becomes  converted  into  a  vesicle  which  envelop 
the  embryo  in  part  or  wholly.     It  is  abundantly  supplied  with  blood.  4W 
is  the  organ  whereby  the  blood  of  the  foetus  is  aerated.     The  part  o[  '^^ 
allantois  which  is  external  to  the  body  of  the  embryo  is  cast  off  at  birth; 
but  the  portion  which  is  within  the  body  is  retained,  and  is  converted  into 
the  urinary  bladder. 
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tiles  and  the  Birds,  two  classes  which  are  certainly 

dy  allied  to  one  another. 

ofessor  Huxley  the   Vertebrata  are  divided  into  the 

;  three  primary  sections :— ^ 

rrHYOPSiDA. — ^This  section  comprises  the  Fishes  and 

bibiatis,  and  is  characterised  by  the  presence  at  some 

f  life  of  gills  or  branchiae,  the  absence  of  an  amnion, 

nee  or  rudimentary  condition  of  the  allantois,  and  the 

in  of  nucleated  red  blood-corpuscles. 

lUROPSiDA. — ^This  section  comprises  the  Birds  and  the 

and  is  characterised  by  the  constant  absence  of  gills, 
ession  of  an  amnion  and  allantois,  the  articulation  of 
with  the  vertebral  column  by  a  single  occipital  con- 
e  composition  of  each  ramus  of  the  lower  jaw  of  seve- 
Sy  and  the  articulation  of  the  lower  jaw  with  the  skull 
itervention  of  an  "  os  quadratum ; "  and,  lastly,  the 
»n  of  nucleated  red  blood-corpuscles. 
fAMMALiA. — ^This  section  includes  the  single  class  of 
imals,  and  agrees  with  the  preceding  in  never  possess- 
»  and  in  having  an  amnion  and  allantois.  The  Mam- 
jwever,  differ  from  the  Sauropsida  in  the  fact  that  the 
iculates  with  the  vertebral  column  by  two  occipital 
;  each  ramus  of  the  lower  jaw  is  simple,  composed  of 
piece,  and  the  lower  jaw  is  united  with  the  temporal 
sal)  element  of  the  skull,  and  is  not  articulated  to  a 

bone.  There  are  special  glands  —  the  mammary 
-for  the  nourishment  of  the  young  for  a  longer  or 
period  after  birth,  and  the  red  blood-corpuscles  are 
eated. 
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CHAPTER  LII. 

CLASS  /.—PISCES. 

m  class  of  the  Veritbrata  is  that  of  the  Fishes  {Pisces), 

may  be  broadly  defined  as  including  Vtrtdirate  animals 

art  provided  viith  gills  Ihr&ugkouf  Ihe  whole  of  life;  the 

vhen  present,  consists  (except  in  Difinot)  of  a  single  auricle 

single  ventricle  ;  the  blood  is  cold  ;  Ike  limbs,  when  present, 

the  form  of  fins,  or  expansions  of  the  integument ;  and  there 

ier  an  amnion  nor  allantois  in  the  embryo,  unless  the  latter 

aented  by  the  urinary  bladder. 

(Hm,  Fishes  are  adapted  for  rapid  locomotion  in  water, 

vpt  of  the  body  being  such  as  to  give  rise  to  the  least 

e  friction  in  swimming 

S  end  also,  as  well  as  for 

es  of  defence,  the  body 

Uy  enveloped  with  a  coat 

scales  developed  in  the 

r  or  dermal  layer  of  the 

irhereas  the  epidermis  is 

nted  only  by  the  slimy 

covering  the  exterior  of 

imal.     The  more  impor- 

odifications  in  the  form 

ie  dermal  scales  are  as 

:  I.  Cycloid  scales  (fig. 

i),   consisting    of    thin, 

I,  homy  or  bony  scales,  _ 

r  or  elliptical  in  shape,     'K^^k  icdelpik^ 

ving  a  more  or  less  com-     if  p^'j;/ j^frf  ..~~.   .  w-~«. 

smooth  outline.    These     raia  (?«iw«K«.)."""~ '  ' 

scales  which  are  charac- 

of  the  most  of  the  ordinary  bony  fishes.     II.  Ctenoid 

(fig.  230,  b),  also  consisting  of  ^in  homy  plates,  but 


fahH.      B 

(Pikt);  i  Oenoid  tail 
■  icale  (ThonilHck); 
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having  their  posterior  margins  fringed  with  spines,  or  cut  into 
comb-like  projections.  III.  Ganoid  scales,  composed  of  an 
inferior  layer  of  bone,  covered  by  a  superficial  layer  of  hard 
polished  enamel  (the  so-called  "ganoine").  These  scales 
(fig.  230,  e)  are  Visually  much  larger  and  thicker  than  the 
ordinary  scales,  and  though  they  are  often  articulated  to  one 
another  by  special  processes,  they  only  rarely  overlap.  IV. 
Placoid  scales,  consisting  of  detached  bony  or  dentinal  grains, 
tubercles,  or  plates,  of  which  the  latter  are  not  uncommonly 
armed  with  spines  (fig.  230,  c  and  //). 

In  most  fishes  there  is  also  to  be  observed  a  line  of  peculiar 
scales,  forming  what  is  called  the  "  lateral  line."  Each  of  the 
scales  in  this  line  is  perforated  by  a  tube  leading  down  to  a 
longitudinal"  canal  which  runs  along  the  side  of  the  body,  and 
is  connected  with  cavities  in  the  head.  The  functioif)  of  this 
singular  system  has  been  ordinarily  believed  to  be  that  of 
secreting  the  mucus  with  which  the  surface  of  the  body  is  cov- 
ered ;  but  this  is  certainly  erroneous,  and  it  seems  to  be  moie 
probably  sensory  in  function,  and  to  be  connected  with  the 
sense  of  touch. 

As  regards  their  true  osseous  system  or  endoskeleton,  Fishes 
vary  very  widely.  In  the  Lancelet  there  can  hardly  be  said  to 
be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  persists  throughout  life.  In 
others  the  skeleton  remains  permanently  cartilaginous;  in 
others  it  is  partially  cartilaginous  and  partially  ossified ;  and, 
lastly,  in  most  modem  fishes  it  is  entirely  ossified,  or  converted 
into  bone.*  Taking  a  bony  fish  (fig.  231)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  the  chief  points 
in  the  osteology  of  a  fish  which  require  notice  : — 

The  vertebral  column  in  a  bony  fish  consists  of  vertebrae,  which 
are  hollow  at  both  ends,  or  biconcave,  and  are  technically  said 
to  be  "  amphiccelous."  The  cup>-like  margins  of  the  vertebral 
bodies  are  united  by  ligaments,  and  the  cavities  formed  between 
contiguous  vertebrae  are  filled  with  the  gelatinous  remains  of 
the  notochord.  This  elastic  gelatinous  substance  acts  as  a 
kind  of  ball-and-socket  joint  between  the  bodies  of  the  verte- 
brae, thus  giving  the  whole  spine  the  extreme  mobility  which  is 
requisite  for  animals  living  in  a  watery  medium.  The  ossifr 
cation  of  the  vertebrae  is  often  much  more  imperfect  than  the 
above,  but  in  no  case  except  that  of  the  Bony  Pike  {Le^i^ 
teus)  is  ossification  carried  to  a  greater  extent  than  this.    Ifl 

*  The  so-caUed  **  bone  "  of  the  skeleton  of  Fishes  is  only  occasionally 
true  osseous  tissue.  In  a  great  many  instances  it  is  a  homogeneous  or  tuba* 
lar,  bone-like  substance,  or  it  may  resemble  genuine  dentine. 


.vertebrata:  fishes. 
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this  fish,  however,  the  vertebral  column  is  composed  of  "  opis- 
thoccelous  "  vertcbiK — that  is,  of  vcrtebrse,  the  bodies  of  which 
are  concave  behind  and  convex  in  front.  The  entire  spinal 
column  is  divisible  into  not  more  than  two  distinct  regions,  an 
«^mt«a/and  a  caudai  region.  The  abdominal  vertebras  pos- 
sess a  superior  or  neural  aich  (through  which  passes  the  spinal 
coed),  a  superior  spinous  process  (neural  spine),  and  two  trans- 
verse processes  to  which  the  ribs  are  usually  attached.  The 
ciudal  vertebrse  (fig.  231)  have  no  marked  transverse  processes ; 


r»,,..- 


al  fia  ^  (/  Finl  dors^  fin  ;  ^  E 


,aJ  fin.  luppcirlvd  upon  inlenpinf 
■ond  dcirKLl  fin,  both  ^uppOFIfd  up 


.  Spino 


bnt,  in  addition  to  the  neural  arches  and  spines,  they  give  off 
Ui  inferior  or  hamal  arch  below  the  body  of  the  vertebrse,  and 
llw  tixmal  arches  carry  inferior  spinous  processes  (haemal 
tpines). 

The  riis  of  a  bony  fish  are  attached  to  the  transverse  pro- 
cesses, or  to  the  bodies  of  the  abdominal  vertebne,  in  the  form 
rf  slender  curved  bones  which  articulate  with  no  more  than 
>ne  vertebra  each,  and  that  only  at  a  single  point.  Unlike  the 
ibs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
^nty,  but  are  simply  embedded  in  the  muscles  which  bound 
he  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
vfaich  is  directed  backwards  amongst  the  muscles.  Inferiorly 
he  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
Oal  ossifications  in  the  middle  line  of  the  abdomen;  but  there 
t  never  any  breast-bone  or  sternum  properly  so  called. 

The  only  remaining  bones  connected  with  the  skeleton  of 
he  trunk  are  the  so-called  interspinous  bones  (fig.  331,  i  i). 
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These  form  a  series  of  dagger-shaped  bones,  plunged  in  the 
middle  line  of  the  body  between  the  great  lateral  musdes 
which  make  up  the  greater  part  of  the  body  of  a  fish.  Tlie 
internal  ends  or  points  of  the  interspinous  bones  aie  attacbcd 
by  ligament  to  the  spinous  processes  of  the  vertebrse;  whilst 
to  their  outer  ends  are  articulated  the  "  rays  "  of  the  socaDed 
"  median  "  fins,  which  will  be  hereafter  described.  As  a  rale, 
there  is  only  one  interspinous  bone  to  each  spinous  process, 
but  in  the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  twa 

Besides  the  fins  which  represent  the  limbs  (pectoral  smd 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  Ixmy  ^xnes 
or  "  rays,"  which  are  of  two  kinds,  termed  respectively  "  sjiioos 
rays  "  and  **  soft  rays."  The  "  spinous  rays  "  are  simple  bony 
spines,  apparently  composed  of  a  single  piece  each,  bit  reallf 
consisting  of  two  halves  firmly  united  along  the  middle  line. 
The  "  soft  rays  "  are  composed  of  several  slender  spines  pro- 
ceeding from  a  common  base,  and  all  divided  transversdj  into 
numerous  short  pieces.  The  soft  rays  occur  in  many  fishes  in 
different  fins,  but  they  are  invariably  found  in  the  caudal  fin  or 
tail  (fig.  231,  c).  The  rays  of  the  median  fins,  whatever  their 
character  may  be,  always  articulate  by  a  hinge-joint  with  the 
heads  of  the  interspinous  bones. 

The  sl*u//  of  the  bony  fishes  is  an  extremely  complicated 
structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  opercuhiin, 
and  the  hyoid  bone  with  its  appendages.  For  reasons  con- 
nected with  the  respiratory  process  in  fishes,  as  will  be  after- 
wards seen,  there  generally  exists  between  the  head  and  the 
scapular  arch  a  great  cavity  or  gap  on  each  side,  within  which 
are  contained  the  branchiae.  The  cavity  thus  formed  opens 
externally  on  each  side  of  the  neck  by  a  single  vertical  fissme 
or  "  gill-slit,"  closed  by  a  broad  flap,  called  the  **  gill-co\*er*'  or 
"  operculum,"  and  by  a  membrane  termed  the  "  branchiostcgil 
membrane." 

The  gill-cover  (fig.  232,  /,  Oy  j,  i)  is  composed  of  a  chain  ofhiotdf^ 
bones,  termed  the  opercular  bones.  Of  these,  the  innermost  articulates  ^ 
the  skull  (tympano-mandibular  arch),  and  is  called  the  **  prre-opercalna; 
the  next  is  a  large  bone  called  the  "  operculum"  proper;  and  thcren*** 
ing  two  bones,  called  respectively  the  '*  sub-operculum "  and  "inter-op* 
culum,"  form,  with  the  operculum  proper,  the  edge  of  the  giIl-co<* 
These  various  bones  are  united  together  by  membrane,  and  they  form  cor 
lectively  a  kind  of  movable  door,  by  means  of  which  the  branchial  chi«" 
ber  can  be  alternately  opened  and  shut.  Besides  the  giU-covcr,  howfi^ 
the  branchial  chamber  is  closed  bv  a  membrane  called  me  "  brancfaiost^ 
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■■DC,"  which  U  attubed  to  the   <»  hvoidu. 

«ted  and  spmd  out  bv  a  number  of  sfe: 

Itacbed  to  the  btenU  branched  of  the  hyoid  bone. 


The  membtane  is 

fender  curved  spines,  which 

' '  bone,  act  very  much 

bmnchiostegal  rays" 


t  rib*  of  an  umbrella,  and  ai 
Dfoid  arch  of  fiihes  is  attached  to  the  temporal  bones  of  the  skull 


r  PK*am)-CuYi«. 
I ;  >  Pis-operculum  ;  e 
f  Mudiblci  ■■  lotcr.n 


.  .^ II  of  Cod  (Wtrrti 

mrnuibytl ;  4/  Bnochiottcral  n 


eatu  of  two  slender  slyliform  bones,  which  correspond  to  the  styloid 
Met  of  nun,  and  are  called  the  "  stylohyal  "  bones  (fig.  233,/).  The 
if  the  hyoid  arch  is  composed  of  a  cenlral  portion  nnd  two  lateral 
■ha.  Lach  branch  is  composed  of  the  following  parts  :  i.  A  tri- 
kz  bone  attached  above  to  the  slylohyal,  and  termed  the  "  epihyal 
■■  (fig.  133,  t);  2.  A  much  longer  bone,  known  as  the  "  ceralohyal " 
liie  central  portion  of  Ihe  hyoid  arch  is  made  up  of  two  smalt  poly- 
J  bones— the  "basihyals"  [i].  From  the  basihyal  there  extuids 
vdi  in  many  fishes  a  slender  bone,  which  supports  the  tongue,  and  is 
id  the  "glossohyal"  or  "lingual"  (a).  There  is  also  another  corn- 
ed bone  which  extends  batkwards  from  the  baeihyals,  and  which  ia 
u  ai  the  "  urohyal  bone  "  (t>.  This  last -mentioned  bone  is  of  im- 
nce,  at  it  often  extends  backwards  to  the  point  of  union  of  the  cora- 
bonet,  and  tbut  forms  the  isthmus  which  separates  the  two  branchial 

Ota  the  outer  maraini  of  the  epihyal  and  ceratohyal  bones  on  each  side 
the  ilender  curved  "  branchiosl^al  rays,"  which  have  been  previously 
ioned.  There  are  nraally  seven  of  Oiese  00  each  wde.  Above  the 
|wl,  and  attached  in  front  to  the  body  of  the  os  byoides,  is  a  chain  of 


448  MANUAL  OF  ZOOLOGY. 

bones,  placed  one  bebind  ih«  olher,  and  termed  by  Owai  the  "buihu- 

ehial  bones."  Springing  from  these  are  four  bony  aicbei — tbe  "tfmdMl 
arches  "—which  proceed  upwards  to  be  connected  mperiorlf  b][  liiuMK 
wilh  the  under  surface  of  the  skull.  The  branchial  ardiei — ai  villben^ 
Sf  ijuenlly  described — carry  the  brancbia:,  and  each  is  compoied  d  W 
main  pieces,   termed  respectively  the   "  cerato .  branchial     and  "«(■■ 


branchial  "  bones.  The  second  and  third  arches  are  connected  vidi  w 
skull  by  tlie  intervention  of  two  small  bones,  often  called  the  "ailf*! 
pharyngeal   bones,"  but  termed   by  Owen  the   "  pharyngo  -  bnacbal 

The  iimds  ol  fishes  depart  considerably  from  the  typical  (<*■ 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs* 
limbs  may  be  wanting,  but  when  present  the  limbs  arc  abut* 
always  in  the  form  ofjf«j— that  is,  of  expansions  of  the  inW* 
ment  strengthened  by  bony  or  cartilaginous  fin -rays.  T*  • 
anterior  limbs  are  known  as  the  peroral  fins,  and  the  posten*  J 
as  the  venlrai  fins ;  and  they  arc  at  once  distinguished  fiw  ''•  f 
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led  "median"  fins  by  being  always  disposed  in  pairs, 
ly  Bymmetrically.  Hence  they  are  often  spoken  of  as  the 
rfins. 

:  icaptilar  arch  (figs.  233,  234)  supporting  the  pectoral  limhs  is  usually 
to  tiie  skull  (occipital  bone),  and  consists  of  the  following  pieces  on 


/ 


«f— Pectoral  limbs  of  Fishes  (after  Owen).  A,  Cod  {Morrhua  vui^aris)  :  B, 
jder  {Lopfdudy.  «r  Supra-scapula ;  $  Scapula ;  co  Coracoid  ;  r  Radius ;  «  Ulna ; 
lWi»1  b(»es ;  /  Fin-rays,  representing  the  metacarpus  and  phalanges  of  the 

side :  I.  The  supra-scapula  {ss) ;  2.  The  scapula  (j),  articulating 
the  former  ;  and,  3.  The  coracoid  {co)^  attached  above  with  the 
a,  and  united  below,  by  ligament  or  suture,  with  the  coracoid  of  the 
ite  side,  thus  completing  the  pectoral  arch.  Lastly,  there  is  often 
9*  bone,  sometimes  single,  but  oftener  of  two  pieces,  attached  to  the 
end  of  the  coracoid,  and  this  is  believed  to  represent  the  collar-bone 
ride.* 

keie  are  the  ti^ws  entertained  by  Owen  as  to  the  composition  and 
•  of  thepectoiRal  arch  of  fishes ;  but  they  are  dissented  from  by  Mr 
r,  one  ot  the  greatest  living  anUiorities  on  this  subject. 

2F 


450 


MANUAL  OF  ZOOLOGY. 


The  fore  -  limb  possesses  in  a  modified  form  most  of  the 
bones  which  are  present  in  the  higher  Veriebraia,  The 
humentSy  or  bone  of  the  upper  arm,  is  usually  wanting,  or  it  is 
altogether  rudimentary.  A  radius  and  ulna  (fig.  234,  r,  »)  are 
usually  present,  and  are  followed  by  a  variable  number  of 
bones,  which  represent  the  carpus,  and  some  of  which  somfr 
times  articulate  du-ectly  with  the  coracoid  The  carpus  is  fol- 
lowed by  the  "  rays  "  of  the  fin  proper,  these  representing  the 
metacarpal  bones  and  phalanges.  The  pectoral  fins  vary  modi 
in  size  and  in  other  characters.  In  the  Flying  Gurnard  (-Av- 
tylopterus\  and  the  true  Fl)dng  Fish  {Exoccetus)^  the  pectoois 
are  enormously  developed,  and  enable  the  fish  to  take  exten- 
sive leaps  out  of  the  water. 

The  hind-limbs  or  "  ventral  fins  "  are  wanting  in  many  fishes, 
and  they  are  less  developed  and  less  fixed  in  position  than  are 
the  pectoral  fins.  In  the  ventral  fins  no  representatives  of  the 
tarsus,  tibia  and  fibula,  or  femur,  are  ever  developed.  The 
rays  of  the  ventral  fins — representing  the  metatarsus  and  the 
phalanges  of  the  toes — unite  directly  with  a  pelvic  arch,  which 
is  composed  of  two  sub-triangular  bones,  united  in  the  middle 
line  and  believed  to  represent  the  ischia.  The  imperfect  pelvic 
arch,  thus  constituted,  is  never  united  to  the  vertebral  colunm 
in  any  fish.  In  those  fishes  in  which  the  ventral  fins  are 
"  abdominal "  in  position  (/.^.,  placed  near  the  hinder  end  of 
the  body)  the  pelvic  arch  is  suspended  freely  amongst  the 
muscles.  In  those  in  which  the  ventfal  fins  are  "  thoracic"  or 
"jugular"  (/>.,  placed  beneath  the  pectoral  fins,  or  on  the 
sides  of  the  neck),  the  pelvic  arch  is  attached  to  the  coracoid 
bones  of  the  scapular  arch,  and  is  therefore  wholly  removed 
from  its  proper  vertebra. 

In  addition  to  the  pectoral  and  ventral  fins — the  homolpgWi 
of  the  limbs — which  may  be  wanting,  fishes  are  furnished  trill 
certain  other  expansions  of  the  integument,  which  are  "ofr  j 
dian"  in  position,  and  must  on  no  account  be  confonndd 
with  the  true  "  paired  "  fins.  These  median  fins  are  variable 
in  number,  and  in  some  cases  there  is  but  a  single  fringe  n* 
ning  round  the  posterior  extremity  of  the  body.  In  all  case^ 
however,  the  median  fins  are  "azygous" — that  is  to  say,  thqf 
occupy  the  middle  line  of  the  body,  and  are  not  symmetrici^ 
disposed  in  pairs.  Most  commonly,  the  median  fins  coiw 
of  one  or  two  expansions  of  the  dorsal  integument,  called  thf 
"  dorsal  fins "  (fig.  235,  d,  (f) ;  one  or  two  on  the  ventral^ 
face  near  the  anus — the  "anal  fins  "  (fig.  235,  a) ;  and  a  bo» 
fin  at  the  extremity  of  the  vertebral  column,  called  the  "candi 
fin  "  or  tail  {c).     In  all  cases,  the  rays  which  support  the  trt 
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in  fins  are  articulated  with  the  so-called  interspinous  bones, 
idi  have  been  previously  described.    Though  called  "  me- 


|f»  S35. — Outliiie  of  a  fi&h  {Petta  granulata\  showing  the  paired  and  unpaired  fins. 
^  One  of  the  pectoral  fins ;  v  One  of  the  ventral  fins ;  d  First  dorsal  fin  ;  eC  Second 
donal  fin ;  a  Anal  fin ;  c  Caudal  fin. 

n,"  from  their  position  in  the  middle  line  of  the  body,  and 
n  their  being  unpaired,  the  median  fins  of  fishes,  as  shown 
Goodsir  and  Humphry,  are  truly  to  be  regarded  as  formed 
the  coalescence  of  two  lateral  elements  in  the  mesial  plane 
lie  body. 

rhe  caudal  fin,  or  tail,  of  fishes  is  always  set  vertically  at  the 
remity  of  the  spine,  so  as  to  work  firom  side  to  side,  and  it 
he  chief  organ  of  progression  in  the  fishes.  In  its  vertical 
idon,  and  in  the  possession  of  fin-rays,  it  differs  altogether 
in  the  horizontal  integumentary  expansion  which  constitutes 
:  tail  of  the  Whales,  Dolphins,  and  Sirenia  (Dugong  and 
inatee).  In  the  form  of  the  tail,  fishes  exhibit  some  striking 
Berences.  In  some  of  the  Bony  Fishes  and  Ganoids,  the 
idal  extremity  of  the  spine  is  not  bent  upwards,  but  divides 
!  caudal  fin-rays  into  two  nearly  equal  portions,  and  the 
nmetrical  tail-fin  thus  produced  is  said  to  be  '*  diphycercal.'* 
the  great  majority  of  the  Bony  Fishes  the  tail-fin  appears 
inspection  to  be  divided  into  two  equal  lobes,  and  it  is 
SDsaid  to  be  "homocercal"  (fig.  236,  A).  This  apparent 
nmetiy  is  due  to  the  fact  that  the  spinal  column  seems  to 
ninate  in  the  centre  of  a  triangular  bony  mass,  to  the  free 
ges  of  which  the  fin-rays  are  symmetrically  attached.  In 
Jity,  however,  the  notochord  is  prolonged  into  the  upper 
^  of  the  tail ;  and  as  there  is  a  much  larger  nutnber  of  fin- 
^  below  the  bent-up  notochord  than  above  it,  the  tail  is 
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truly  unsymmetrical  in  its  fundamental  structure.  Lasd; 
the  Eiasmobranchiij  and  most  Ganoids,  the  tail  is  consi 
ously  unsymmetrical  (fig.  236,  B),  and  is  then  said  to 


Fig.  336. — A,  Sword-fish,  showing  homocercal  tail :  B,  Stinseon,  diomacdi 

heterocercal  fonn  of  tail. 

"  heterocercal."  In  these  cases,  the  lower  lobe  of  the  t 
conspicuously  larger  than  the  upper,  owing  to  the  dispn 
tionate  development  of  the  haemal  spines,  and  the  s] 
column  is  prolonged  into  the  upper  lobe  of  the  tail 

The  process  of  respiration  in  all  fishes  is  essentially  aqi 
and  is  carried  on  by  means  of  branchial  plates  or  tufts  d 
oped  upon  the  posterior  visceral  arches,  which  are  persis 
and  do  not  disappear  at  the  close  of  embryonic  life,  as  th< 
in  other  Vertebrates.  In  the  Lancelet  alone,  respiratk 
effected  partly  by  branchial  filaments  placed  round  the 
mencement  of  the  pharynx,  and  partly  by  the  pharynx ; 
which  is  greatly  enlarged,  and  has  its  walls  perforated 
series  of  transverse  ciliated  fissures.  The  arrangement 
structure  of  the  branchiae  differ  a  good  deal  in  the  difl 
orders  of  fishes,  and  these  modifications  will  be  noticed 
sequently.  In  the  meanwhile  it  will  be  sufl[icient  to  g 
brief  description  of  the  branchial  apparatus  in  one  of  the 
fishes.  In  such  a  fish,  the  branchiae  are  connected  wit! 
hyoid  arch,  and  are  situated  in  two  special  chambers,  siti 
one  on  each  side  of  the  neck.  The  branchiae  are  carried' 
the  outer  convex  sides  of  what  have  been  already  descrilK 
the  "branchial  arches'*  (figs.  233  and  237);  tiiat  is  to 
upon  a  series  of  bony  arches  which  are  connected  with 
hyoid  arch  inferiorly,  and  are  united  above  with  the  I* 
the  skull.  The  internal  concave  sides  of  the  branchial  an 
are  usually  furnished  with  a  series  of  processes,  constitirtfl 
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vi  fringe,  the  fiinctioo  of  which  is  to  prevent  foreign 
mces  finding  their  way  amongst  the  brancbitB,  and  thus 


im— <^b  nd  hcut  of  the  Pncb  «poKd  by  ihc  Rmoval  oT  the  lill-covn  on 
M  sdE.  a  fint  at  the  faui  bony  irchei  which  urry  ibe  (illi  (S «} ;  ^  1-he 
B  edin  of  the  (iUi  <n  the  ri(hl  tide ;  h  Keut  (after  Vu  dir  Hoeven^ 

ering  with  the  proper  action  of  the  respiratoiy  organs. 
naochias,  themselves,  usually  have  the  form  of  a  double 
of  cartilaginous  leaflets  or  laminx.  The  branchial  la- 
are  flat,  elongated,  and  pointed  In  shape,  and  they  are 
sd  with  a  highly  vascular  mucous  membrane,  in  which 
anchial  capillaries  ramify.  The  blood  circulates  through 
ranchial  laminae,  and  is  here  subjected  to  the  action  of 
A  water,  whereby  it  is  oxygenated.  The  water  is  con- 
y  taken  in  at  the  mouth  by  a  movement  analogous  to 
nring,  and  it  gains  admission  to  the  branchial  chambers 
ana  of  a  series  of  clefts  or  shts,  the  "branchial  fissures," 

are  situated  on  both  sides  of  the  pharynx.  Having 
3  over  the  gills,  the  deoxygenated  water  makes  its  escape 
rioily  by  an  aperture  called  the  "gill-slit"  or  "opercular 
ire,  one  of  which  is  situated  on  each  side  of  the  neck. 
s  have  seen  before,  the  gill-slit  is  closed  in  front  by  a 
<^flat  bones  collectively  constituting  the  gill-cover,"  or 
rculum;"  and  the  gill-covers  are  finally  completed  by  a 
lie  number  of  bony  spines — the  "  branchiostcgal  rays  " — 
I  articulate  with  the  hyoid  arch,  and  support  a  membrane 

"branchiostegal  membrane." 

e  heart  of  fishes  is,  properly  speaking,  a  branchial  or 
atory  heart  It  consists  of  two  cavities,  an  auricle  and  a 
icle  (fig.  338,  a,  v),  and  the  course  of  the  circulation  is  as 
rs ;  The  venous  blood  derived  from  the  liver  and  from 
ody  generally  is  poured  by  the  vena  cava  into  the  auiide 
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(a),  and  from  this  it  is  propelled  into  the  ventricb 
the  ventricle  arises  a  single  aortic  arch  (the  rig 
base  of  this  is  usually  i 
cavity  or  sinus,  called 
arteriosus"  (m).  The  ; 
is  sometimes  covered  w: 
coat  of  striated  musculo 
is  provided  with  seven 
ron-s  of  valves.  In  th« 
bulbus  acts  as  a  kind 
tion  of  the  ventricle,  bdi 
rhythmical  contractions, 
is  driven  by  the  ventricle 
branchial  artery  {«)  ti 
through  wjiich  it  is  di 
means  of  the  branchial 
number  of  which  varie 
//iree  on  each  side  in  : 
four  in  most  of  the  bo) 
in  (he  Skates  and  Shark 
scfen  in  the  Lampreys). 
blood  which  has  passed 
gills  is  not  returned  to  t 
is  driven  from  the  bran' 
all  i>arts  of  the  body  ;  tl 
force  necessary  for  this  \ 
■■  chiefly  from  the  heart, 
[  the  contractions  of  tl: 
'  muscles.  In  some  fish< 
Eel)  the  return  of  the  '. 
:  heart  is  assisted  by  a 
'  contractile  dilatation  of 
vein.  The  essential  pec 
of  the  circulation  of  Hi 
upon  this — that  the  arterialised  blood  returned  fi 
is  proi>elled  through  the  systemic  vessels  of  the  I 
being  sent  back  to  the  heart 

The  Lanceiet  {Amp/iioxas),  alone  of  all  fis 
special  heart,  and  the  circulation  is  effected  b 
dilatations  developed  upon  several  of  the  blood 
the  Mud.fish  {lepUosiren)  the  heart  consists  of 
and  a  single  ventricle.  The  blood-corpuscles 
nucleated  (tig.  zz8,  e),  and  tlie  blood  is  red  in  al 
Amphioxus, 
As  regards  the  digestive  system  of  fishes  there  is 
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leculiar  importance.  The  mouth  is  usually  furnished  with  a 
omplicated  series  of  teeth,  which,  in  the  Bony  Fishes,  are  not 
oly  developed  upon  the  jaws  proper,  but  are  also  situated 
ipon  other  bones  which  enter  into  the  composition  of  the 
mccal  cavity  (such  as  the  palate,  the  pterygoids,  vomer, 
nanchial  arches,  the  glossohyal  bone,  &c.)  The  oesophagus 
s  usually  short  and  capacious,  and  generally  opens  into  a 
arge  and  well-marked  stomach.  The  pyloric  aperture  of  the 
(tomach  is  usually  furnished  with  a  valve,  and  behind  it  there 
s  usually  a  number  (from  one  to  sixty)  of  blind  appendages, 
mned  ihe  "  pyloric  caeca."  These  are  believed  to  represent 
the  pancreas,  but  there  may  be  a  recognisable  pancreas  either 
ilODe  or  in  addition  to  the  pyloric  oeca.  The  intestinal  canal 
b  a  longer  or  shorter,  more  or  less  convoluted  tube,  the  ab- 
Nrbing  surface  of  which,  in  certain  fishes,  is  largely  increased 
bjr  a  spiral  reduplicature  of  the  mucous  membrane,  which 
winds  like  a  screw  in  close  turns  from  the  pylorus  to  the  anus. 
Hie  liver  is  usually  large,  soft,  and  oily,  and  a  gall-bladder  is 
ibnost  universally  present ;  but  in  the  Amphioxus  the  liver  is 
doubtfully  represented  by  a  hollow  sac-like  organ. 

The  kidneys  of  fishes  are  usually  of  great  size,  and  form  two 
doogated  organs,  which  are  situated  beneath  the  spine,  and 
eitend  along  the  whole  length  of  the  abdominal  cavity.  The 
ureters  often  dilate,  and  form  a  species  of  bladder,  the  doubt- 
hl  representative  of  the  allantois. 

Whilst  the  respiration  of  all  fishes  is  truly  aquatic,  most  of 
them  are,  nevertheless,  furnished  with  an  organ  which  has 
been  generally  believed  to  be  the  homologiie  of  the  lungs  of 
the  air-breathing  Vertebrates.  This — the  "air"  or  "swim 
bladder" — is  a  sac  containing  gas,  situated  beneath  the  ali- 
ooentary  tube,  and  often  communicating  with  the  gullet  by  a 
hct  In  the  great  majority  of  fishes  the  functions  of  the  air- 
bladder  are  certainly  hydrostatic — that  is  to  say,  it  serves  to 
naintain  the  necessary  accordance  between  the  specific  gravity 
)f  the  fish  and  that  of  the  surrounding  water.  In  the  singular 
Und-fishes,  however,  it  acts  as  a  respiratory  organ,  and  is 
Aerefore  not  only  the  homologue,  but  also  the  analogue,  of 
the  lungs  of  the  higher  Vertebrates.  In  most  fishes  the  air- 
bladder  is  an  elongated  sac  with  a  single  cavity,  but  in  many 
ases  it  is  variously  subdivided  by  septa.  In  the  Mud-fish  the 
lir-bladder  is  composed  of  two  sacs,  completely  separate  from 
wie  another,  and  divided  into  a  number  of  cellular  compart- 
ments. The  duct  (^ductus  pneumaticus)  leading  in  many  fishes 
bm  the  air-bladder,  and  opening  into  the  oesophagus,  is  the 
bomologue  of  the  windpipe  {trachea).    The  air  contained  in 
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the  swim-bladder  is  composed  mainly  of  nitrogen  in  most 
fresh- water  fishes,  but  in  the  sea-tishes  it  is  mainly  made  up  of 
oxygen.  The  fishes  which  live  habitually  at  the  bottom  of 
the  sea,  such  as  the  Flat-fishes,  possess  no  swim-bladder,  and 
it  is  much  reduced  in  size  in  those  which  live  principally  at 
the  surface. 

The  nervous  system  of  fishes  is  of  an  inferior  type  of  organi- 
sation, the  brain  being  of  small  size,  and  consisting  mainly  of 
ganglia  devoted  to  the  special  senses.  As  regards  the  special 
senses,  there  is  one  peculiarity  which  deserves  particular 
notice,  and  this  is  the  conformation  of  the  nasal  sacs.  The 
cavity  of  the  nose  is  usually  double,  and  is  lined  by  an  olfac- 
tory membrane,  folded  so  as  to  form  numerous  plicae.  An- 
teriorly, the  water  is  admitted  into  the  nasal  sacs  by  a  sbigle 
or  double  nostril,  usually  by  two  apertures;  but  posteriori^ 
the  nasal  sacs  are  closed,  and  do  not  communicate  with  tbe 
pharynx  by  any  aperture.  The  only  exceptions  to  this  statfr 
ment  are  to  be  found  in  the  Myxinoids  and  in  the  Lepidosiren. 
The  essential  portion  of  the  organ  of  hearing  {iabyrinihYi^ 
present  in  almost  all  fishes,  but  in  none  is  there  any  direct 
communication  between  the  ear  and  the  external  medium. 
In  some  cases,  however,  there  is  a  communication  between 
the  ear  and  the  swim-bladder,  thus  foreshadowing  the  Eusta- 
chian tube  in  man. 

As  regards  their  reproductive  system,  fishes  are,  for  the  most 
part,  truly  oviparous,  the  ovaries  being  familiarly  known  as  the 
"  roe."  The  testes  of  the  male  are  commonly  called  the  "soft 
roe'*  or  "milt.'*  The  products  of  the  reproductive  organs  are 
often  set  free  into  the  peritoneal  cavity,  ultimately  finding  thdr 
way  to  the  external  medium  by  means  of  an  abdominal  pore  (or 
pores) ;  or  they  are  directly  conveyed  to  the  exterior  by  Ae 
proper  ducts  of  the  reproductive  organs. 


457 


DIVISIONS  OF  FISHES. 


CHAPTER    LIIL 

PHARYNGOBRANCHII  AND  MARSIPOBRANCHIL 

The  class  Pisces  has  been  very  variously  subdivided  by  dif- 
ferent writers ;  but  the  classification  here  adopted  is  the  one 
Proposed  by  Professor  Huxley,  who  divides  the  class  into  the 
Roflowing  six  orders,  in  the  subdivisions  of  which  Professor 
Owen  has  been  followed :  * 

Order  I.  Pharyngobranchii  ( =  Cirrostomi^  Owen ;  and 
t^ftoatrdiay  Miiller). — This  order  includes  but  a  single  fish, 
lie  anomalous  Aniphioxus  lanceolatus^  or  Lancelet  (fig.  239), 
||be  oiganisation  of  which  differs  in  almost  all  important  points 
torn  that  of  all  the  other  members  of  the  class.  The  charac- 
oiAmphwxus,  in  fact,  are  so  aberrant,  that  Haeckel  pro- 
lo  divide  the  sub-kingdom  Vertebrata  into  two  primary 
tactions — the  one  (Leptocardia)  comprising  the  Lancelet  alone, 
■Hulst  the  other  {Fachycardia)  includes  all  other  Vertebrates. 
the  order  is  defined  by  the  following  characters,  which,  as  will 
^  seen,  are  mostly  negative  : — No  skull  is  present,  nor  lower 
*«»  (mandible),  nor  limbs.  The  notochord  is  persistent ;  and 
^itre  are  no  vertebral  centra  nor  arches.  No  distinct  brain  nor 
^mditary  organs  are  present.  In  place  of  a  distinct  heart,  pul- 
'^othig  dilatations  are  developed  upon  several  of  the  great  blood- 
yssils.  The  blood  is  pale.  The  mouth  is  in  the  form  of  a 
^^giiudinal  fissure,  surrounded  by  filaments  or  cirri.  The 
^uUs  of  the  pharynx  are  perforated  by  numerous  clefts  or  fis- 
'^tres,  the  sides  of  which  are  ciliated,  the  whole  exercising  a 
'Respiratory  function. 

*  Cnvicr  divided  the  class  Pisces  into  the  great  orders  of  the  Chondrop' 
^^y^^at  Cartilaginous  Fishes),  iht  Acanthopterygii  (or  Fishes  with  spinous 
^j%  in  the  paired  fins),  and  MalacoptefygU  (or  Fishes  with  solt  ravs 
<^  the  paired  fins).  Agassiz  divides  Fishes,  from  the  character  of  the 
^ales,  into  the  four  orders,  Cycloidd,  Ctenoidei,  Ganauiei,  and  PlacoidH, 
duller  divides  the  Fishes  into  the  five  orders  Leptocardia,  (Lancelet),  Cydo^ 
^i^mata  (Lampreys  and  Hag-fishes),  TeUostei,  (Bony  Fishes),  Ganmdei, 
Cknoid  Fishes),  and  Stlachia  (Sharks  and  Rays). 
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The  Lancelet  is  a  singular  little  fish,  from  one  to  two  inches 
in  length,  which  is  found  burrowing  in  sandbanks,  in  varioos 
seas,  but  especially  in  the  Mediterranean.  The  body  (fig. 
239)  is  semi-transparent,  destitute  of  an  exoskdeton,  and 
lanceolate  in  shape,  and  is  provided  with  a  narrow  mem- 
branous border,  of  the  nature  of  a  median  fin,  which  nms 
along  the  whole  of  the  dorsal  and  part  of  the  ventral  sui&ce, 
and  expands  at  the  tail  to  form  a  lancet-shaped  caudal-fia 
No  true  paired  fins,  representing  the  anterior  and  posterior 
limbs,  are  present  The  mouth  is  a  longitudinal  fissure, 
situated  at  the  front  of  the  head,  and  destitute  of  jaw&  It 
is  surrounded  by  a  cartilaginous  ring,  composed  of  masjr 
pieces,  which  give  off  prolongations,  so  as  to  form  a  nomber 
of  ciliated  cartilaginous  filaments  or  "  cirri "  on  each  side  rf 
the  mouth.  (Hence  the  name  of  Cirrostami^  proposed  by 
Professor  Owen  for  the  order.)  The  throat  is  provided  oa 
each  side  with  vascular  lamellae,  which  are  believed  by  Otw 
to  perform  the  function  of  free  branchial  filaments.  The 
mouth  leads  into  a  dilated  chamber  (fig.   239,  b\  whidi  is 


fig.  239. — The  Lancelet  {Amf>hixxus  lanceolatuz),  enlarged  to  twice  its  natnial^ 
o  Mouth  ;  b  Pharyngeal  sac  ;  g  Stomach  ;  h  Diverticulum  representing  the  wtr: 
/  Intestine ;  a  Anus :  n  Notochord  ;/" Rudiments  of  fin-rays ;  /  Abdomind  fwi^ 

believed  to  represent  the  pharynx,  and  is  termed  the  "pharyn- 
geal" or  "branchial  sac."  It  is  an  elongated  chamber,  ibc 
walls  of  which  are  strengthened  by  numerous  cartilaginoos 
filaments,  between  which  is  a  series  of  transverse  slits  of 
clefts,  the  whole  covered  by  a  richly-ciliated  mucous  mem- 
brane. This  branchial  dilatation  has  given  rise  to  the  nan»e 
Branchiostoma^  often  applied  to  the  Lancelet.  Posteriorly  the 
branchial  sac  opens  into  an  alimentary  canal,  to  which  is  ap* 
ponded  a  long  and  capacious  sac  or  caecum  {h\  whidi  b 
believed  to  represent  the  liver.  The  intestinal  tube  tcroh 
nates  posteriorly  by  a  distinct  anus  (a\  which  is  situated  at 
the  root  of  the  tail  a  little  to  the  left  of  the  median  line;  aod 
the  intestinal  mucous  membrane  is  ciliated.  Respiration  B 
effected  by  the  admission  of  water  taken  in  by  the  mouth 
into  the  branchial  sac,  having  previously  passed  over  the  free 
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il  filaments  before  mentioned.  The  water  passes 
the  slits  in  the  branchial  sac,  and  thus  gains  access 
aMominal  cavity,  from  which  it  escapes  by  means  of 
tore  with  contractile  margins  situated  a  little  in  front 
rnuSy  and  called  the  "  abdominal  pore  '*  (/).  There  is 
inct  heart,  and  the  circulation  is  entirely  effected  by 
of  rhythmically  contractile  dilatations  which  are  de- 
npon  several  of  the  great  blood-vessels.  In  other 
iie  heart  retains  its  primitively  tubular  condition,  and 
contractile  dilatations  are  developed  upon  other  vessels 
anying  the  blood  to  the  pharynx).  The  blood  itself 
irless.  No  kidneys  have  as  yet  been  certainly  identi- 
d  there  is  no  lymphatic  system.  There  is  no  skeleton 
r  so  called.  In  place  of  the  vertebral  column,  and 
iting  the  whole  endoskeleton,  is  the  semi-gelatinous 
notochord  («),  enclosed  in  a  fibrous  sheath,  and  giving 
»us  arches  above  and  below.  The  notochord  is,  further, 
•  in  this,  that  it  is  prolonged  quite  to  the  anterior  end 
body,  whereas  in  all  other  Vertebrates  it  stops  short 
pituitary  fossa.  There  is  no  cranium,  and  the  spinal 
)es  not  expand  anteriorly  to  form  a  distinct  cerebral 
The  brain,  however,  may  be  said  to  be  represented, 
le  anterior  portion  of  the  nervous  axis  gives  off  nerves 
r  of  rudimentary  eyes,  and  another  branch  to  a  ciliated 
leved  to  represent  an  olfactory  organ.  The  generative 
(ovaria  and  testes)  are  not  furnished  with  any  efferent 
oviduct  or  vas  deferens).  The  generative  products, 
€,  are  shed  into  the  abdominal  cavity,  and  gain  the 
I  medium  by  the  '*  abdominal  pore." 
5R  II.  Marsipobranchii  ( ~  CyclosiomU  Owen  ;  and 
mata^  Miiller). — This  order  includes  the  Lampreys 
yzonida)  and  the  Hag-fishes  {Myximda),  and  is  defined 
following  characters : — The  body  is  cylindrical^  worm- 
i  destitute  of  limbs.  The  skull  is  cartilaginous^  without 
boneSy  and  having  no  lower  jaw  {mandible).  The  nolo- 
'  persistent y  and  there  are  eit/ier  no  vertebral  centra,  or 
most  rudimentary  traces  of  them.  The  heart  cofisists  of 
icU  and  one  ventricle,  but  the  branchial  artery  is  not 
*d  with  a  bulbus  arteriosus.  The  gills  are  sac-like,  and 
dilated. 

type  of  piscine  organisation  displayed  in  the  Marsipo- 
'  is  of  a  very  low  grade,  as  indicated  chiefly  by  the 
nt  notochord  without  vertebral  centra,  the  absence  of 
res  of  limbs,  the  absence  of  a  mandible,  and  the  struc- 
jie  gills. 
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Both  the  Lampreys  (fig.  240,  B)  and  the  Hag-fishes  (Gg. 
240,  A)  are  veimiform,  eel-like  fishes,  which  agree  in  poises- 


DbywhA 


-pb«> 


bnuicIiulo[xaDIilf.H>iH': 
vh  HdO  by  whidi  iIk  ma 
icr  »w»y  frxn  the  pIK  v,^ 


ing  no  paired  fins  to  represent  the  limbs,  but  in  having  a  medim 
fin  running  round  the  hinder  extremity  or  the  body.  Tlit 
skeleton  remains  throughout  life  in  a  cartilaginous  conditioOt 
the  chorda  dorsalis  is  persistent,  and  the  only  traces  of  bodiO 
of  vertebne  aru  found  in  hardly  perceptible  rings  of  osseow 
matter  develoijetl  in  the  slieaCh  of  the  notochord.  The  ncunl 
arches  of  the  vertebras,  enclosing  the  spinal  cord,  are  onlj 
represented  by  cartilaginous  prolongations.  There  is  a  pa^ 
tially  cartilaginous  cranium,  which  is  not,  however,  mwable 
on  the  spinal  column.  The  mouih  in  the  Hag-fish  (J/jaW 
is  of  a  very  remarkable  character,  and  enables  it  to  lead  a  vtf 
peculiar  mode  of  life.  It  is  usually  found,  namely,  embedded 
in  the  interior  of  some  other  laige  fish,  into  which  it  has  we- 
ceeded  in  penetrating  by  means  of  its  singular  dental  apparatiit 
The  mouth  (fig.  240,  A)  is  sucker-like,  destitute  of  jaws,  but 
provided  with  tactile  filaments  or  cirri.  In  the  centre  of  the 
palate  is  fi.ted  a  single,  large,  recurved  fang,  which  is  finnly 
attached  to  the  under  surface  of  the  cranium.  The  sides  of 
this  fang  are  strongly  serrated,  and  it  is  by  means  of  this  ilut 
the  Hag-fish  bores  its  way  into  its  victim,  having  preiiou^ 
attached  itself  by  its  sucker-like  mouth,  assisted  by  the  action 
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of  the  piston-like  toothed  tongue.  In  the  Lampreys  the 
mouth  has  also  the  form  of  a  circular  cup  or  sucker,  and  is 
also  destitute  of  jaws ;  but  in  addition  to  the  palatine  fang  of 
the  MyxirUj  the  margins  of  the  lips  bear  a  number  of  homy 
processes,  which  are  not  really  true  teeth,  but  are  hard  struc- 
tures developed  in  the  labial  mucous  membrane.  The  tongue, 
also,  is  armed  with  serrated  teeth,  and  acts  as  a  kind  of  piston ; 
10  that  the  Lampreys  are  in  this  manner  enabled  to  attach 
themselves  firmly  to  solid  objects.  Sometimes  the  oral  cavity 
is  strengthened  by  a  basket-shaped  cartilaginous  apparatus, 
and  sometimes  a  similar  apparatus  supports  the  gill-sacs.  The 
alimentary  canal  is  simple  and  straight,  the  liver  not  sac-like, 
hut  of  its  ordinary  form,  and  the  kidneys  distinct  and  well 
developed. 

The  Marsipobranchii  are  peculiar  amongst  Vertebrate  ani- 
mals in  possessing  only  one  median  nasal  sac,  opening  on  the 
ttterior  of  the  head  by  a  single  unpaired  nostril.  The  Hag- 
fishes  further  diflfer  from  all  the  members  of  the  class,  except 
the  Mud-fishes  (Dipnoi)  in  the  fact  that  the  nasal  cavity  com- 
municates behind  with  the  pharynx.  In  the  Lampreys,  on  the 
other  hand,  the  nasal  sac  is  closed  posteriorly. 

Another  very  remarkable  point  in  the  Hag-fishes  and  Lam- 
preys is  to  be  found  in  the  structure  of  the  gills,  from  which 
the  name  of  the  order  is  derived.  The  gills,  namely,  are  in 
the  form  of  fixed  pouches,  instead  of  being  free  vascular  struc- 
tures contained  in  a  common  chamber,  opening  externally  by 
a  gill-slit,  as  in  the  typical  Bony  Fishes.  In  the  Hag-fishes 
thoe  are  six  of  these  branchial  sacs  on  each  side  of  the  oeso- 
phagus (fig.  240,  C).  The  water  is  admitted  to  the  gullet  {g) 
hjr  a  special  aperture  situated  on  the  ventral  surface,  whence  it 
passes  into  the  branchial  pouches  by  six  apertures  on  each 
tide.  Having  passed  over  the  complicated  and  highly  vascular 
interior  of  the  branchial  sacs,  the  water  escapes  by  a  corre- 
sponding series  of  tubes  opening  into  a  common  canal  (c)  on 
ach  side,  and  these  canals  finally  discharge  the  effete  water  by 
iro  apertures  situated  on  the  ventral  surface  behind  the  head 
%K).  In  the  Lampreys  the  gills  have  the  same  fixed  and 
xwch-like  arrangement,  but  there  are  some  marked  differences 
Tom  the  above.  The  water  is  admitted  from  the  gullet  to  seven 
iranchial  pouches  on  each  side,  but  the  mode  of  admission 
s  by  means  of  two  special  canals  which  lie  beneath  the  oeso- 
)bagus  on  each  side,  communicating  each  by  its  own  aperture 
nth  the  mouth  in  front,  terminating  blindly  behind,  and  send- 
Dg  off  a  branch  to  each  pouch.  The  effete  water,  also,  escapes 
ly  a  special  tube  to  each  sac,  so  that  there  are  seven  branchial 
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apertures  in  the  form  of  slits  or  holes  on  the  side  of  the  neck 
{hg.  240,  B).  The  reproductive  organs  are  ductless,  and  the 
generative  elements  are  shed  into  the  abdomen,  whence  thej 
escape  by  an  abdominal  pore. 

The  Lampreys  are,  some  of  them,  inhabitants  of  riven ;  bat  the  pot 
Sea-lamprey  (Petromyzon  man'nus)  only  quits  the  salt  water  in  ofd^  to 
spawn.  The  mouth  in  the  Petromytanida  is  a  circular  cartUaginons  rin& 
formed  by  the  amalgamation  of  the  palatine  and  mandibular  ardia»  apd 
carrying  numerous  teeth  and  small  tubercles.  The  tongue  is  anned  with 
a  double  series  of  small  teeth,  and  acts  like  a  piston,  enabling  the  animal 
to  attach  itself  to  stones  and  rocks.  There  is  no  air-bladder.  The  bodf 
is  cylindrical,  compressed  towards  the  tail,  and  destitute  of  soles.  The 
skeleton  consists  of  a  series  of  cartilaginous  rings  without  ribs.  The  yoaf 
Petromyzon  undergoes  a  metamorphosis,  being  so  unlike  the  parent  tint  a 
new  genus  {Ammocates)  was  originally  founded  for  its  reception. 

In  the  Myxinida  the  mouth  is  circular  and  membranous,  with  eight  dni 
The  palate  carries  a  single  fang,  and  the  tongue  is  armed  with  a  doabk 
row  of  small  teeth  on  each  side.  There  may  be  seven  branchial  i^wrtnci 
on  each  side  (Ileftatrema),  or  the  branchial  pouches  open  into  a  ooouMi 
tube  on  each  side,  and  each  of  these  termmates  in  a  distinct  tpcrtsit 
situated  under  the  heart  on  the  lower  surface  of  the  body  {Myxine  or  €0* 
trobranchus).  The  I  lags  pour  out  so  much  mucus  through  the  lateral  line 
that  they  can  surround  themselves  with  jelly ;  hence  the  name  of  the  coB- 
mon  species  {Myxine  glutinosa).  The  Glutinous  Hag  is  a  native  of  the 
North  and  British  seas,  and  is  chiefly  found  in  the  interior  of  the  Cod  and 
Haddock  (often  five  or  six  individuals  in  one  fish). 


CHAPTER     LIV. 

TELEOSTEl. 

Order  III.  Teleostei. — This  order  includes  the  great  ma- 
jority of  fishes  in  which  there  is  a  well-ossified  endoskdeton, 
and  it  corresponds  very  nearly  with  Cuvier*s  division  of  the 
"  osseous  "  fishes.  The  Teleostei  are  defined  as  follows : — Jht 
skeleton  is  usually  well  ossified;  the  cranium  is  provided  wA 
cranial  bones ;  and  a  mandible  is  present;  whilst  the  vertdfrd 
column  almost  always  consists  of  more  or  less  completely  ossi/d 
vertebra.  The  pectoral  arch  has  a  clavicle;  and  the  two  pairs  (f 
limbs f  7vhen  present,  are  in  the  form  of  fins  supported  by  rayu 
The  gills  are  free,  pectinated  or  tufted  in  shape  ;  a  bony  ^-cunr 
and  branchiostegal  rays  being  always  developed  The  branch 
artery  has  its  base  de^^eloped  into  a  bulbus  arteriosus ;  but  this 
is  nafer  rhythmically  contractile,  and  is  separated  from  the  vaiiride 
by  no  more  than  a  single  row  of  valves. 
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The  order  TeUostd  comprises  almost  all  the  common  fishes ; 
ad  it  will  be  uonecessary  to  dilate  upon  their  structure,  as 
ley  were  taken  as  the  types  of  the  class  in  giving  a  general 
escription  of  the  Fishes.  It  may  be  as  well,  however,  to  recapit- 
ate  very  briefly  some  of  the  leading  characters  of  the  order. 
L  The  skeleton^  instead  of  remaining  throughout  life  more 
'  less  completely  cartilaginous,  is  now  always  more  or  less 
ocoughly  ossified.  The  notochord  is  not  persistent,  and  the 
xtebral  column,  though  sometimes  cartilaginous,  consists  of 
Dnmber  of  vertebrae.  The  bodies  of  the  vertebrae  are  what  is 
tiled  "  amphicoelous " — that  is  to  say,  they  are  concave  at 
)th  ends.  It  follows  from  this,  that  between  each  pair  of 
stebrae  there  is  formed  a  doubly-conical  cavity,  and  this  is 
kd  with  the  cartilaginous  or  semi-gelatinous  remains  of  the 
stochord.  By  this  means  an  extraordinary  amount  of  flexi- 
Bty  is  given  to  the  entire  vertebral  column.  In  no  fish  except 
ic  Bony  Pike  (which  belongs  to  the  order  Ganoidei)  is  the 
sification  of  the  vertebral  centra  carried  further  than  this, 
he  skull  is  of  an  extremely  complicated  nature,  being  com- 
ued  of  a  number  of  distinct  cranial  bones  \  and  a  mandible 
r  tower  jaw  is  invariably  present 

IL  The  anterior  and  posterior  pairs  of  limbs  are  usually,  but 
ot  always,  present,  and  when  developed  they  are  always  in 
le  form  of  fins.  The  fins  may  be  supported  by  "  spinous  "  or 
soft "  rays,  of  which  the  former  are  simple  undivided  spines 
F  bone,  whilst  the  latter  are  divided  transversely  into  a  num- 
er  of  short  transverse  pieces,  and  also  are  broken  up  into 
number  of  longitudinal  rays  proceeding  from  a  common 
K)t  (The  fishes  with  soft  rays  in  their  paired  fins  are 
nned  ^^ Malacopterygii^ — ^those  with  spinous  rays,  ^^Acan- 

III.  Besides  the  paired  fins,  representing  the  limbs,  there  is 
variable  number  of  unpaired  or  azygous  integumentary  ex- 
iDsions,  which  are  known  as  the  "  median  fins."  When  fiilly 
irdoped  (fig.  241),  they  consist  of  one  or  two  fins  on  the 
ck — the  "  dorsal "  fins ;  one  or  two  on  the  ventral  surface — 
b"  anal  "fins;  and  one  clothing  the  posterior  extremity  of 
t  body — the  "  caudal "  fin.  The  caudal  fin  (fig.  236,  A)  is 
t  vertically,  and  not  horizontally,  as  in  the  Whales  and 
dphins ;  and  in  all  the  bony  fishes  its  form  is  "  homocercal " 
that  is,  it  consists  of  two  equal  lobes,  and  the  vertebral 
[mnn  is  not  prolonged  into  the  superior  lobe.*    In  all  the 

*  Though  to  all  appearance  S3nnmetrical,  the  tail  of  the  bony  fishes  is 
reality  unsymmetnoil.  The  appearance  of  symmetry  is  due  to  the  bony 
oal  column  terminating  in  the  centre  of  a  wedge-shaped  **  hypural  bone, 
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median  fins  the  fin-rays  arc  supported  upon  a  series  d  da^- 
shaped  bones,  which  are  plunged  in  the  flesh  of  the  middle 


Fis.  i,i._The  cominon  Pml<  (Prrra //•n- a/ iA  «  C  ll-csver,  withl)*fB4tit» 
Gindili/OiwDfthepcctaislfint,  the  Icfi ;  p  The  left  ««nn]  fin  ;  ^TheM^n 
fin;  ^  TVc  tecond  donal  liii  i  clin  cviitX&a  or  uH;  nTlKuilfiBi  /Lamlto 

line  of  the  body,  and  are  attached  to  the  spinous  process»rf 
the  vertebra.     These  are  the  so-called  "  interspinous"  bontt. 

IV.  The  A^rt  consists  of  two  chambers,  an  auricle  and  1 
ventricle,  and  the  branchial  artery  is  furnished  with  a  bulbo 
arteriosus.  The  arterial  bulb,  however,  is  not  furnished  with  I 
special  coat  of  striated  muscular  fibres,  is  not  rhythmically  cos- 
tractile,  and  is  separated  from  the  ventricle  by  no  more  thm* 
single  row  of  valves. 

V.  Thercj///M/c/;>'i>/yanjconsistof  free,  pectinated,  or  tuftrf 
branchife,  situated  in  two  branchial  chambers,  each  of  wliii^ 
communicates  internally  with  the  pharynx  by  a  series  of  cldts 
and  opens  externally  on  the  side  of  the  neck  by  a  single  apo- 
ture  (or  "  gill-slit "),  which  is  protected  in  front  by  a  bony  gii- 
cover  (fig.  24r)  and  is  also  closed  by  a  " branch iostegal  mta- 
brane,"  supported  upon  "  branch  iostegal  rays."  The  biancfw 
are  attached  to  a  series  of  bony  branchial  arches  (genenl^ 
five  on  each  side,  but  only  the  anterior  four  bearing  giHiji 
which  are  connected  inferiorly  with  the  hyoid  bone,  *™ 
superiorly  with  the  skull;  and  the  water  required  in  reqii* 
tion  is  taken  in  at  the  mouth  by  a  process  analogous  to  snl* 
lowing. 

ti)  the  free  edgts  of  which  Ihe  caudal  fin-rays  ute  $finili«tric«11j  •lU'W  , 
The  actual  teimination  of  the  notochord  is  beul  up,  and  is  nsver  o^'"*^  ] 
bu(  its  sheath  usually  becomes  calcified,  fonning  ■  spine  ("nroB*!  J 
which  coalesces  with  the  dorsal  edge  of  the  hvpurat  bone,  the  liim°'i|f  p 
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nasal  sacs  never  communicate  posteriorly  with  the 
le  phar3mx. 

e  exoskeleton  usually  has  the  form  of  overlapping 
»  of  the  cycloid  or  ctenoid  character;  but  it  is 
absent,  sometimes  composed  of  scattered  plates  of 
sometimes  ganoid,  and  sometimes  formed  of  sha- 
x>ny  spines. 

he  stomach  is  capacious ;  pyloric  caeca  are  present ; 
e  has  no  spiral  valve ;  and  the  rectum  usually  opens 
>m  and  in  front  of  the  urinary  and  genital  apertures, 
idder  may  or  may  not  be  present,  and  may  or  may 
uiicate  with  the  gullet  The  kidneys  are  well  de- 
The  reproductive  organs  may  be  solid,  and  may 
*ir  contents  by  rupture  into  the  abdominal  cavity ; 
•e  usually  hollow  organs,  with  ducts  which  open  be- 
ind  the  urinary  aperture. 

divisions  of  the  osseous  fishes  are  so  numerous,  and 
n  so  many  families,  that  it  will  be  sufficient  to  run 
ore  important  sub-orders,  and  to  mention  the  more 
unples  of  each. 
ER  A.  Malacopteri,  Owen  ( =  Physostomata^  Miil- 

sub-order  is  defined  by  usually  possessing  a  com- 
f  fins,  supported  by  rays,  all  of  which  are  "  soft "  or 
ed,  with  the  occasional  exception  of  the  first  rays  in 
and  pectoral  fins.  A  swim-bladder  is  always  present, 
\  communicates  with  the  oesophagus  by  means  of  a 
[i  is  the  homologue  of  the  windpipe.  The  skin  is 
!d,  and  is  mostly  furnished  with  cycloid  scales  \  but 
ses  ganoid  plates  are  present 

ffder  is  one  of  great  importance,  as  comprising  many  well- 
useful  fishes.  It  is  divided  into  two  groups,  according  as 
are  present  or  not.  In  the  first  group — Apoda — there  are 
xis ;  and  the  most  familiar  examples  are  the  common  Eels 
conntry.  The  Eels  {Murttnida)  have  an  elongated,  almost 
ody,  with  the  scales  deeply  sunk  in  the  skin,  and  scarcely  ap- 
rim-bladder  is  present,  and  the  operculum  is  small  and  mostly 
\  the  skin.  More  remarkable,  nowever,  than  the  ordinary 
rymfkfius  electricus,  or  great  Electric  Eel,  which  inhabits  the 
n  of  those  wonderful  South  American  plains,  the  so-«alled 
This  extraordinary  fish  (fig.  242)  is  from  five  to  six  feet  in 
iie  discharge  of  its  electrical  organs  is  sufficiently  powerful  to 
re  animals.  The  following  striking  account  is  given  by  Hum- 
numner  in  which  the  GymnoH  are  captured  by  the  Indians  : — 
of  horses  and  mules  are  driven  into  a  swamp  which  is  closely 
>y  Indians,  until  the  unusual  disturbance  excites  the  daring  fish 
n  attack.  Serpent-like,  they  are  seen  swimming  along  the 
e  water,  striving  cunningly  to  glide  under  the  bellies  of  the 
atkt  force  of  their  invisible  blows  numbers  of  the  poor  animab 
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are  suddenly  prostrated ;  others,  snorting  and  panting,  their  manes  erea 
their  eyes  wildly  flashing  terror,  rush  madly  from  the  nging  itonn ;  ta 
the  Indians,  armed  with  long  bamboo  staves,  drive  them  back  into  the 
midst  of  the  pool. 

*'  By  degrees  the  fury  of  this  unequal  contest  b^ns  to  slacken.    like 


Fig.  24a.— Electric  Eel  {Gymnotus  elictriau), 

clouds  which  have  discharged  their  electricity,  the  wearied  eels  dispoft 
They  require  long  rest  and  nourishing  food  to  repair  the  galvanic  fcm 
which  they  have  so  lavishly  expended.  Their  shocks  gradually  beooae 
weaker  and  weaker.  Terrified  by  the  noise  of  the  trampling  horses,  tkef 
timidly  approach  the  banks  of  the  morass,  where  they  are  wounded  tf 
harpoons,  and  drawn  on  shore  by  non-conducting  pieces  of  dry  ntxxL 

'*  Such  is  the  remarkable  contest  between  horses  and  fish.  ThatwWck 
constitutes  the  invisible  but  living  weapon  of  these  inhabitants  of  the  waios 
— that  which,  awakened  by  the  contact  of  moist  and  dissimilar  paitides 
circulates  through  all  the  organs  of  animals  or  plants — that  which,  flashiv 
amid  the  roar  of  thunder,  illuminates  the  wide  canopy  of  heaven— wbki 
binds  iron  to  iron,  and  directs  the  silent  recurring  course  of  the  magnet* 
needle,— all,  like  the  refracted  rays  of  light,  flow  from  one  common  sooKft 
and  all  blend  together  into  one  eternal  all-pen'ading  power." 

The  second  group  of  the  Malacopteri  is  that  of  the  Abdominalia^  inirbiA 
there  are  ventral  fins,  and  these  are  abdominal  in  position.  Space  willn* 
]X!rmit  of  more  here  than  merely  mentioning  that  in  this  section  are  cct* 
taine<l  amongst  others  the  well-known  and  important  groups  of  the  CluftM 
(Herring  tribe),  the  Pikes  (Esoa'dtr),  the  Carps,  Barbels,  Roach,  Oo^ 
Minnow,  &c.  {Cypriftidte)^  and  the  Salmonidtey  comprising  the  ^iri* 
species  of  Salmon  and  Trout.  Also  belonging  to  this  group  are  the  Sljetf" 
fishes  {SihiridtF)^  which  are  chiefly  noticeable  because  they  are  amongst  di 
small  number  of  living  fishes  possessed  of  structures  of  the  same  nature  •• 
the  fossil  spines  known  as  "ichthyodorulites."  The  structure  in  qnesii* 
consists  of  the  first  ray  of  the  pectoral  fins,  which  is  largely  developed,  irf. 
constitutes  a  formidable  spine,  which  the  animal  can  erect  and  depiesi* 
pleasure.  Unlike  the  old  **  ichthyodorulites,"  however,  the  spines  of  ifcj 
SiluridcE  have  their  bases  modified  for  articulation  with  another  hone^  tfj 
they  are  not  simply  hollow  and  implanted  in  the  flesh.  The  "Silnroik 
are  also  remarkable  for  their  resemblance  to  certain  of  the  extinct  Gtt* 
fishes  {e.g. ,  PterichthySy  Coccostetis^  &c. ),  caused  by  the  fact  that  the  he*'^ 
protected  with  an  exoskelcton  of  dermal  bones.  The  largest  E  " 
species  is  the  Silunts  glanis  of  the  Swiss  lakes,  and  of  \*arioas  Ei 
rivers.  Another  remarkable  member  of  this  family  is  the  Malaf4erum 
the  Nile  and  west  coast  of  Africa,  which  is  endowed  with  electrical 


VERTEBRATA:  FISHES. 


467 


Suborder  B.  Anacanthini.  —  This  sub-order  is  distin- 
Saished  by  the  fact  that  the  fins  are  entirely  supported  by 
"soft"  rays,  and  never  possess  "spiny"  rays;  whilst  the  ven- 
tral fins  are  either  wanting,  or,  if  present,  are  placed  under  the 
throat,  beneath  or  in  advance  of  the  pectorals,  and  supported 
by  the  pectoral  arch.  The  swim-bladder  may  be  wanting,  but 
when  present  it  does  not  communicate  with  the  oesophagus  by 
a  duct 

As  in  the  preceding  order,  the  Anacanthini  are  divided  into 
two  groups,  distinguished  by  the  presence  or  absence  of  the 
ventral  fins.  In  the  first  of  these  groups  (Apoda)  are  only  a 
few  fishes,  of  which  one  of  the  most  familiar  examples  is  the 
Kttle  Sand-eel  {Ammodytes  lanced)^  which  occurs  on  all  our 
coasts.  In  the  second  group  (Sub-brachiata)  in  which  ventral 
Bns  exist,  are  the  two  important  families  of  the  Gadida  and 
Blturonedida.  The  Gadida  or  Cod  family,  comprising  the 
Haddock,  Whiting,  Ling,  and  Cod  itself,  is  of  great  value  to 
man,  most  of  its  members  being  largely  consumed  as  food.  In 
^  Plmronectida  or  Flat-fishes  are  comprised  the  Sole,  Plaice, 
rorbot,  Halibut,  Brill,  and  others,  in  all  of  which  there  is  a 
rery  curious  modification  in  the  form  of  the  body.  The  body, 
tamely,  in  all  the  Flat-fishes  (fig.  243)  is  very  much  compressed 


Fig.  343.— >Plettroiiecti(Ue.    Rhombus pwutat us.     Natural  size  (after  Gosse;. 

rom  side  to  side,  and  is  bordered  by  long  dorsal  and  anal  fins. 
rhe  bones  of  the  head  are  twistpd  in  such  a  manner  that  the 
wo  eyes  are  both  brought  to  one  side  of  the  body,  which  is 
onetimes  the  right  side,  sometimes  the  left.  The  fish  usually 
*cp8  this  side  uppermost,  and  is  dark-coloured  on  this  aspect; 
ftiist  the  opposite  side,  on  which  it  tests,  is  white.  From  this 
abit  of  the  Flat-fishes  of  restmg  upon  one  flat  surface,  the 
Ues  are  often  looked  upon  as  the  dorsal  and  ventral  surfaces 
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of  the  body.  This,  however,  is  erroneous,  as  they  ai 
by  the  position  of  the  paired  fins  to  be  truly  the  latera 
of  the  body.  The  mouth  has  its  two  sides  unequal, 
torals  are  rarely  of  the  same  size,  the  ventrals  look  li 
tinuation  of  the  anal  fin,  and  the  branchiost^al  rays 
number. 

Sub-order  C.  Acanthopteri. — This  sub-order  i 
tensed  by  the  fact  that  one  or  more  of  the  first  ra 
fins  are  in  the  form  of  true,  unjointed,  inflexible,  "  spi 
The  exoskeleton  consists,  as  a  rule,  of  ctenoid  scsO 
ventral  fins  are  generally  beneath  or  in  advance  of  t 
rals,  and  the  duct  of  the  swim-bladder  is  invariably  ol 

This  sub-order  comprises  two  families  : — 

a.  The  Pharyngognathiy  in  which  the  inferior  pharyngeal  be 
chylosed  so  as  to  form  a  single  bone,  which  is  usually  armed 
The  family  is  not  of  much  importance,  the  only  familiar  fishes  b 
it  being  the  *•  Wrasses  "  {Cychlabrida). 

b.  The  Acanthopteri  veri^  characterised  by  having  always  sp 
the  first  dorsal  fin,  and  usually  in  the  first  rays  of  the  other  fins, 
inferior  pharyngeal  bones  are  never  anchyloscd  into  a  single  n 
family  includes  many  subordinate  groups,  and  may  be  regardec 
whole,  the  most  typical  division  of  the  Teleostean  fishes.  It 
necessary,  however,  to  do  more  than  mention  as  amongst  the  m 
ant  fishes  contained  in  it,  the  Perch  family  {Percidai),  the  Mul 
hdii!)j  the  Mackerel  family  {Scombcndr)^  the  Gurnards  {Scleroi 
Gobies  {Gobiida\  the  Blennies  {RUnniida)^  and  the  Anglers  {Lopt 
PcrcidiV  form  by  far  the  most  important  member  of  this  group,  J 
tinguishcd  by  having  ctenoid  scales,  the  operculum  and  pra 
variously  armed  with  spines,  teeth  on  the  vomer  and  palate  as 
the  jaws,  and  the  branchiostcgal  rays  from  five  to  seven  in  nun 

Sub-order  D.  Plectognathi. — This  sub-order  i 
terised  by  the  fact  that  the  maxillary  and  premaxill 
are  immovably  connected  on  each  side  of  the  jaw. 
skeleton  is  only  partially  ossified,  and  the  vertebn 
often  remains  permanently  cartilaginous.  The  exos 
in  the  form  of  ganoid  plates,  scales,  or  spines.  Tl 
fins  are  generally  wanting,  and  the  air-bladder  is  des 
duct. 

The  most  remarkable  fishes  of  this  section  are  the  Trunk-fisl 
ontidiVy  in  which  the  body  is  entirely  enclosed,  with  the  excel 
tail,  in  an  immovable  case,  composed  of  large  ganoid  plates,  n 
to  one  another  at  their  edges. 

Besides  the  Trunk-fishes,  this  section  also  includes  the  File-fi 
tidcc)  and  the  Globe-fishes  {Gymnodontida). 

Sub-order  E.  Lophobranchii. — This  is  a  small  J 
portant  group,  mainly  characterised  by  the  peculiar 
of  the  gills,  which  are  arranged  in  little  tufls  upon  the 
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instead  of  the  comb-like  plates  of  the  t)rpical  botiy  fishes, 
idoskeleton  is  only  partially  convened  into  bone,  and  the 
leton^  by  way  of  compensation,  consists  of  ganoid  plates. 
rim-bladder  is  destitute  of  an  air-duct 

bugnlar  Sea-horses  {Hippocampida\  now  kept  in  most  of  our  large 

belong  to  this  sub-order,  but  the  only  point  about  them  which  re> 

otke  is  the  curious  fact  that  the  males  in  this  family  are  provide<l 

ort  of  marsupial  pouch,  into  which  the  e^s  are  placed  by  the  female, 

rhich  the  young,  when  hatched,  can  retire  if  threatened  by  any 

Tills  singular  cavity  is  only  found  in  the  males,  and  is  situated  at 

of  the  tail     More  familiar  than  the  Sea-horses  are  the  Pipe-fishes 

tkida^^  of  which  one  species  occurs  commonly  on  our  shores. 


CHAPTER    LV. 
GANOIDEI. 


I IV.  Ganoidei. — The  fourth  order  of  fishes  is  the  large 
iportant  one  of  the  Ganoid  fishes,  represented,  it  is  true, 

living  forms,  but  having  an  enormous  development  in 
;eological  epochs.  For  this  reason  the  study  of  the 
i  fishes  is  one  which  claims  considerable  attention. 
he  present  day,  the  order  Ganoidei  comprises  only  seven 
I — viz.,  Lepidosteus^  Folypterus^  Calamoicht/iys,  Amia^ 
'SCTy  Scapirhynchusy  and  Spatularia  —  all  of  which  are 

only  in  the  northern  hemisphere,  and  are  wholly  or 
ly  confined  to  fresh  water. 

\  order  Ganoidei  may  be  defined  by  the  following  charac- 
-The  endoskeleton  is  only  partially  ossified^  the  vertebral 
r  mostly  remaining  cartilaginous  throughout  life,  especially 
y/  the  extinct  forms  of  the  Palceozoic  period^  in  which  the 
ird  is  persistent.  The  skull  is  furnished  with  distinct 
I  bofteSj  and  the  lower  Jaw  is  present.  The  exoskeleton  is  in 
rm  of  ganoid  scales^  plates y  or  spines.  There  are  usually 
lirs  of  limbs  y  in  the  form  of  fins,  each  supported  by  fin-rays. 
rst  rays  of  the  fins  are  mostly  in  t lie  form  of  strong  spines, 
fctoral  arch  has  a  clavicle,  and  the  posterior  limbs  {ventral 
re  placed  close  to  the  anus.  The  caudal  fin  is  mostly  un- 
^rical  or  "  heterocercal."  The  s^vim-bladder  is  always  pres- 
?  often  cellular,  and  is  provided  with  an  air  duct.  The 
ne  is  often  furnished  icith  a  spiral  valve.  The  gills  and 
lor  apparatus  are  essentially  the  same  as  in  the  Bony  fishes, 
mrt  has  one  auricle  and  a  ventricle,  and  the  base  of  the 
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branchial  artery  is  dilated  into  a  bulbus  arteriosus^  which  is 
rhythmically  contractile^  is  furnished  with  a  distinct  coat  of  striatd 
muscular  fibres^  and  is  provided  with  severed  transverse  rows  of 
valves. 

Of  these  characters,  the  ones  which  it  is  most  important  to 
remember  are  the  following : — 

I.  The  endoskeleton  is  rarely  thoroughly  ossified,  but  varies  i 
good  deal  as  to  the  extent  to  which  ossification  is  earned.  In 
some  forms,  including  most  of  the  older  members  of  the  oideff 
the  chorda  dorsalis  is  persistent,  no  vertebral  centra  are  (te- 
veloped,  and  the  skull  is  cartilaginous,  and  is  protected  by 
ganoid  plates.  Even  in  these  forms,  however,  the  peripheral 
elements  of  the  vertebrae  are  ossified.  In  others,  the  bodies  of 
the  vertebrae  are  marked  out  by  osseous  or  semi-cartilaginoas 
rings,  enclosing  the  primitive  matter  of  the  notochord.  b 
others,  the  vertebrae  are  like  those  of  the  Bony  fishes ;  that  is 
to  say,  deeply  biconcave  or  "  amphicoelous."  In  one  Ganoid, 
however — the  Bony  Pike  (Lefidosteus) — the  vertebral  colonm 
consists  of  a  series  of  "  opisthococlous  "  vertebrae ;  that  is  to 
say,  vertebrae  which  are  convex  in  front  and  concave  behind 
This  is  the  highest  point  of  development  reached  in  the  spinal 
column  of  any  fish,  and  its  structure  is  more  Reptilian  than 
Piscine.  In  Polypterus  and  Amia  the  vertebrae  are  ossified 
and  amphicoelous.  The  remaining  existing  genera  have  a  per- 
sistent notochord. 

II.  The  exoskeleton  consists  in  most  Ganoid  fishes  of  scales^ 
plates,  or  spines,  which  are  said  to  possess  ganoid  characterSi 
The  peculiarities  of  these  scales  are  that  they  are  composed  of 
two  distinct  layers — an  inferior  layer  of  bone  and  a  superficial 
covering  of  a  kind  of  enamel,  somewhat  similar  to  the  enamd 
of  the  teeth,  called  "ganoine."  In  form  the  ganoid  scalci 
most  typically  exhibit  themselves  as  rhomboidal  plates,  placed 
edge  to  edge,  without  overlapping,  in  oblique  rows,  the  plaw 
of  each  row  being  often  articulated  to  those  of  the  next  by  <fr 
tinct  processes  (fig.  230,  e).  In  some  cases,  however,  the  scato 
are  circular,  and  overlap  one  another,  as  in  the  ordinary  BoBf 
fishes.  In  Acipmscr  (fig.  236,  B)  and  Scapirhynchus  there  art 
detached  dermal  plates  of  true  bone ;  whilst  Spatularia  to* 
the  skin  naked. 

III.  As  to  theyJ>/j,  both  pectorals  and  ventrals  areusua^ 
present,  and  the  ventrals  are  always  placed  far  back  in  f^ 
neighbourhood  of  the  anus,  and  are  never  situated  in  the  ffl** 
mediate  vicinity  of  the  pectorals.  In  some  living  and  na»f  J 
extinct  forms  the  fin-rays  of  the  paired  fins  are  arranged  so  as 
to  form  a  fringe  round  a  central  lobe  (fig.  244).     This  stntctnt 
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tracterises  a  division  of  Ganoids  called  by  Huxley  for  this 
soDy  Crossopterygiday  or  "  fringe-finned."     The  form  of  the 


i|t  ^^ — GaniMd  Fishes.  A,  Polyptertu  ;  B,  OsteoUpis  (extinct),  a  One  of  the  pec- 
tonl  mis,  showing  the  fin-rays  arranged  round  a  central  lobe  ;  b  One  of  the  ventral 
ins ;  c  AaaX  fin ;  d  Dorsal  fin ;  d*  Second  dorsal  fin. 


Ddal  fin  varies,  the  Ganoids  being  in  this  respect  intermediate 
tween  the  Bony  fishes,  in  which  the  tail  is  "  homocercal," 
A  the  Sharks  and  Rays,  in  which  there  is  a  "  heterocercal " 
odal  fin.  In  the  majority  of  Ganoids,  then,  the  tail  is  un- 
nunetrical  or  "  heterocercal,"  but  it  is  sometimes  equi-lobed 
'  **  homocercal." 

IV.  As  to  the  structure  of  the  respiratory  organs,  the  Ganoid 
ibes  agree  essentially  with  the  Bony  fishes.  They  all  possess 
V pectinated  gills  attached  to  branchial  arches,  and  enclosed 
k abranchial  chamber,  which  is  protected  by  an  operculum, 
■d  is  closed  by  a  branchiostegal  membrane,  usually  supported 
Jbtanchiostegal  rays.  Besides  the  ordinary  branchiae  there 
•fcquently  an  additional  gill,  called  the  "  opercular  branchia," 
^**ched  to  the  interior  of  each  operculum,  and  below  this 
Use  gill  or  "  pseudo-branch ia,"  which  receives  arterialised 
^^  only.  Acipmser  and  Polypterus  have  "  spiracles  "  placed 
'  the  top  of  the  head  and  communicating  with  the  mouth. 
»•  There  is  always  a  swim-bladder,  which  is  often  divided 
^  I^artitions  into  several  cells,  and  is  always  connected  with 
^  gullet  by  an  air-duct,  as  in  the  Malacopterous  division  of 
^Teleostean  fishes.  In  Polypterus  the  air-bladder  is  double 
J,  sacculated. 
^I.  As  to  the  structure  of  the  hearty  the  Ganoids  differ  from 
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the  Bony  fishes,  and  agree  with  the  Sharks  and  Rays  in 
a  rhythmically  contractile  bulbus  arteriosus,  which  is  fii 
with  a  special  coat  of  striated  muscular  fibres,  and  is  se 
from  the  ventricle  by  several  rows  of  valves.  This  is  a  i 
advance  in  structure,  as  in  this  way  the  arterial  balb 
abled  to  act  as  a  continuation  of  the  ventricle. 

VIL  The  intestine  is  often  furnished  with  a  spiral  i 
cation  of  its  mucous  membrane,  forming  a  spind  val\ 
as  we  shall  afterwards  see  in  the  Sharks  and  Rays. 

The  classification  of  the  Ganoid  fishes  has  hitherto 
a  matter  of  extreme  difficulty ;  and  probably  no  arnm 
that  has  been  as  yet  proposed  can  be  regarded  as  bein; 
its  details,  more  than  provisional.  A  convenient 
division  is  that  into  Lepidoganoids,  in  which  the  \ 
furnished  with  scales  of  moderate  size,  and  the  endos 
is  generally  more  or  less  perfectly  ossified,  and  Pkuo^ 
m  which  the  skeleton  is  imperfectly  ossified,  and  the  hi 
more  or  less  of  the  body  are  protected  by  large  ganoid 
which  in  many  cases  are  united  together  by  sutures, 
ing  this  division,  the  order  Ganoidei  may  be  divided  i 
following  sub-orders : — 

Section  i.  Lepidoganoidei. 

Sub-order  A.  Amiadte.     (Recent.) 

II  B.  I^pidosteidiT.     (Recent.) 

II         C.  Lepidoplettridic.     (Extinct.) 

II         D.  Crossoptcrygtda.     (Recent.) 

II         E.  Acanthodidvp.     (Extinct.) 

Section  2.  Placoganoidei. 

Sub-order  F.   Ostracostei.     (Extinct.) 
II         G.  Sturionidcc.     (Recent.) 

The  best  known  living  fishes  belonging  to  the  Lepidoganoids 
Bony  Pike  and  the  Polypterus.  The  Bony  Pike  {Leptdosffus,  fig. 
inhabits  the  rivers  and  lakes  of  North  America,  and  attains  a  1 
several  feet.  The  body  is  entirely  clothed  with  an  armour  (A 
scales  arranged  in  obliquely  transverse  rou^s.  The  vertebral  a 
exceedingly  well  ossified,  and  is  reptilian  in  its  characters,  the  1 
the  vertebrce  being  **  opisthocelous.  The  jaws  form  a  long  nam) 
armed  with  a  double  series  of  teeth  ;  and  the  tail  is  heterocercaL 

'I'he  Polypteri,  of  which  several  species  are  known,  inhab't  tl 
Senegal,  and  other  African  rivers,  and  are  remarkable  for  the 
structure  of  the  dorsal  fin  (fig.  244,  A),  which  is  broken  up  into  a 
of  separate  portions,  each  composed  of  a  single  spine  in  front,  wii 
fin  attached  to  it  behind.  They  belong  to  the  Crossopterygious  C 
in  which  the  pectoral  fins  always,  and  the  ventral  fins  often,  cott 
central  lobe  or  stem,  which  is  covered  with  scales,  and  to  the  1 
which  the  fin-rays  arc  attached.  Two  species  of  Polypterus  have  1 
been  stated  to  possess  external  branchiae  when  young,  losing  the 
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grown.  This  observation,  if  confirmed,  will  bring  the  Ganoids  into 
tier  relationship  with  the  Mud-fishes  {Lepidosiren),  Calamoichthys^ 
fiom  the  rivers  of  Africa,  resembles  Polypterus  in  most  respects,  but 
lod/  is  serpentiform,  and  there  are  no  ventral  fins.     Anotner  group 


.  U5. — A,  Lepidcsieus  osseus^  the  "  Gar- Pike"  of  the  American  Lakes.  B,  Aspi- 
tri^Mckus,  restored  (after  Agassiz).  A  Jurassic  Ganoid  allied  to  Le/idosteus,  but 
iviog  a  homocercal  taiL 

ipidoganoids  is  formed  by  the  Trout-like  Amia  of  the  fresh  waters  of 
Jnited  States,  in  which  the  scales  are  rounded  and  overlap  one  an- 
,  the  tail  is  slightly  heterocercal,  and  the  vertebral  column  is  ossified. 
It  section  Placoganoidd  includes  the  largest  and  best  known  of  all  the 
\  Ganoid  fishes— namely,  the  Sturgeons — and  it  also  contains  some 

L singular  fossil  forms.  The  sub-order  is  defined  by  the  fact  that 
leton  is  always  imperfectly  ossified,  and  often  retains  the  notochord, 
t  the  head  and  more  or  less  of  the  body  are  usually  protected  by 
ganoid  plates,  which  in  many  cases  are  united  together  at  their  edges 
tores.     The  tail  is  heterocercal. 

e  family  Sturionida^  or  Chondrosteida^  comprises  the  various  species 
:nrgeon,  which  are  found  in  the  seas  of  the  northern  hemisphere, 
ce  they  ascend  the  great  rivers  for  the  purpose  of  spawning,  llie 
bnd  column  in  the  Sturgeon  remains  permanently  in  an  embryonic 
ition.  The  notochord  is  persistent,  and  the  vertebral  centra  are  want- 
but  the  neural  arches  of  the  vertebnc  reach  the  condition  of  cartilage, 
mouth  is  destitute  of  teeth,  and  the  head  (fig.  236,  B)  is  covered  with 
mour  of  large  ganoid  plates  joined  together  at  their  edges  by  suture, 
lof  detached  ganoid  plates  also  occur  on  the  body.  The  various  species 
mgeon  attain  a  great  size,  one — the  Beluga— often  measuring  twelve  or 
n  Ket  in  length.  They  are  commercially  of  considerable  importance, 
iwimroing-bladder  yielding  most  of  the  isinglass  of  commerce,  whilst 
oe  is  largely  employed  as  a  delicacy  under  the  name  of  caviare.  In 
Paddle-fuhes  {Spatuiaria)  the  skin  is  9ot  provided  with  an  exoskel- 
Both  Spatuiaria  and  Scapirhynchus  are  found  in  the  rivers  of 
h  America ;  but  a  species  of  the  latter  has  recently  been  discovered 
na. 

ly  a  few  fossil  forms  belonging  to  ihe  Sturionida  are  at  present  known  ; 
yf  hx  the  greater  number  of  extinct  Placoganoids  belong  to  the  family 
uoOei^  established  by  Owen,  and  characterised  by  the  fact  that  the 
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head,  and  generalljp  Ehe  anterior  part  of  the  tiunk  a*  m^l,  wat  eDcawd  a 
a  strong  armour  composed  of  numerous  Ibi^  ganoid  plato,  ioaionblj 
joined  to  one  another.  The  posterior  extremitf  of  the  bodj  vai  man  or 
less  completelj  unprotected,  and,  whilst  the  nolocliord  wai  peisitait,  Ac 
peripheral  elements  of  the  vertebne — namely,  the  nemal  and  bmul  tfiaa 
— were  ossified.     The  following  are  (he  more  remarkable  fomu  bdopfiic 

a.  /Ven'^ A/Ays,— Thii  is  one  of  the  most  singular  of  fbnil  6sbe%,  udwu 
first  discovered  in  the  Old  Ked  Sandstone  by  the  Ule  Hugh  Miller.  Tk 
whole  of  the  head  and  tlie  anterior  part  of  the  trunk  were  de&nded  bf  i 
buckler  of  large  ganoid  plates,  those  covering  the  trunk  fonnii^  a  hi^ 
plate  and  a  bceast-plale,  articulated  together  at  the  sides. 

The  rest  of  the  body  was  covered  with  small  ganoid  scales  (fig.  14;!. 
A  small  dorsal  fin,  a  pair  of  ventrals,  a  pair  of  pectorals,  and  a  belenicmal 
tail-fin  were  present.  The  fonn  of  the  pectoral  fins  is  the  peculiar  ctV' 
;  of  Pttrickthyi.     These  were  m  the  form  of  two  long  caned 


probably, 
bottom  ol 


ered  by  finely-tuberculuted  ^oid  pt 

.., J . e  been  of  much  use  in  swimming;  bot_  . 

■ggested  by  Owen,  enabled  the  lish  lo  shuffle  along  the  mI^ 
of  the  sea,  if  left  dry  al  low  water. 


.'accsstt^  drcipiiHS ;  1.  Plcricklifi  mOiri. 

i.  Pleraspii. — In  most  respects  this  genus  vras  not  unlike  flWKi^ 
but  it  ilid  not  possess  the  peculiar  pectoral  fins  of  the  biter,  MoK J*J 
one  species  of  Pttrasfii  have  been  found  in  the  Upper  SilniUi'  ■*: 
(l.udlow),  and  are  as  yet  among  the  earliest  known  indicatiool 
appearance  of  the  great  sub-kingdom  Vtrtdirala  upon  the  gkibe. 
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Utupis  (fig.  246). — This,  again,  is  not  unlike  Pterichthys  in  many 
The  cephalic  buckler,  however,  has  its  posterior  angles  produced 
1^  so  as  to  give  it  the  shape  of  a  "saddler's  knife,*'  whilst  the 
imbs  have  not  the  form  of  spines. 

wftscx  (fig.  247). — This  is  another  characteristic  genus  of  the  Old 
Istooe.  In  this  genus,  as  in  the  preceding,  there  is  a  cephalic 
be  plates  of  which  are  covered  with  small  hemispherical  tubercles. 
:liord  was  persistent,  but  the  neural  and  haemal  spines,  and  the 
t  dorsal  and  ventral  fins,  are  well  ossified.  A  large  heterocercal 
IS  doubtless  present  as  well. 


CHAPTER    LVI. 

ELASMOBRANCHII  AND  DIPNOI. 

V.  ELASMOBRANCHII  {  =  Selachia,  Miiller;  Placoidei, 
;  Holacephali  and  Flagiostomi^  Owen). — This  order  in- 
lie  Sharks,  Rays,  and  Chimaerse,  and  corresponds  with 
ter  and  most  typical  portion  of  the  ChondropterygidcB  or 
inous  fishes  of  Cuvier.  The  order  is  distinguished  by 
>wing  characters  : — The  skull  and  lower  jaw  are  well 
fy  Init  there  are  no  cranial  bones,  and  the  skull  consists  of 
'  cartilaginous  box,  ivithotU  any  indication  of  sutures. 
f^ral  column  is  sometimes  composed  of  distitut  vertebra, 
5f  cartilaginous  or  sub-notochordal.  The  exoskeleton  is  in 
!  of  plcuoid  granules,  tubercles,  or  spines.  There  are  two 
fins,  representing  the  limbs,  and  supported  by  cartilaginous 
;  and  the  ventral  fins  are  placed  far  back  near  the  anus. 
'oral  ctrch  has  no  clavicle.  The  heart  consists  of  a  single 
and  ventricle,  and  the  bulbus  arteriosus  is  rhythmically 
'U,  is  provided  with  a  special  coat  of  striated  muscular 
nd  is  furnished  with  several  transverse  rows  of  valves. 
r  are  pouch-like. 

3St  of  the  above  characters,  it  will  be  seen  at  once  that 
tmcbranchii  agree  with  the  Ganoid  fishes,  especially  as 
the  structure  of  the  heart.  The  following  points  of 
::e^  however,  require  more  special  notice : — 
le  exoskeleton  is  what  is  called  by  Agassiz  "placoid." 
ists,  namely,  of  no  continuous  covering  of  scales  or 
plates,  but  of  more  or  less  numerous  detached  grains, 
s,  or  spines,  composed  of  bony  or  dentinal  matter,  and 
d  here  and  there  in  the  integument.  In  the  case  of  the 
hese  placoid  ossifications  often  take  a  very  singular 
consisting  (fig.  230,  c)  of  an  osseous  or  cartilaginous 
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disc,  from  the  upper  surface  of  which  springs  a  sharp  recurved 
spine,  composed  of  dentine.  The  so-called  "  shagreen"  of  tijc 
Dog-fishes  and  Sharks  is  composed  of  veiy  small  and  clos^set 
tooth-like  processes  (fig.  230,  d).  At  other  times  the  placoid 
structures  are  developed  into  "dermal  defences"  or  "ichthyo- 
dorulites."  The  minute  structure  of  these  exoskeletal  struc- 
tures is  closely  or  entirely  similar  to  that  of  the  teeth.  In  some 
cases  the  exoskeleton  is  absent 

IL  The  giiis  are  fixed  and  pouch-like,  and  differ  very  mate- 
rially from  those  of  the  Bony  and  Ganoid  fishes.  In  the  case 
of  the  Sharks  and  Rays,  the  structure  of  the  gills  is  as  follovs: 
— The  branchial  arches  are  fixed,  and  the  branchial  lamine 
are  not  only  attached  by  their  bases  to  the  branchial  arches^ 
but  are  also  fixed  by  the  whole  of  one  margin  to  a  scries  of 
partitions,  which  divide  the  branchial  chamber  into  a  number 
of  distinct  pouches  (fig.  248).     Each  partition,  therefoiey  or 


Fig.  248.— A,  Head  of  Piked  Dog-fish  (S/innjr\  showing  the  transverse  moodi^ 
the  under  surface  of  the  head,  and  the  apertures  of  the  gill-pouches.  B,  Diatn^ 
of  the  structure  of  the  gill-pouches :  o  o  External  apertures ;  i  i  Apertnies  knC 
into  the  pharynx ;  s  s  Gill-sacs,  containing  the  fixed  gills. 

ries  a  series  of  branchial  laminae  attached  to  each  side  lite 
the  leaves  of  a  book.  By  means  of  these  septa  a  series  rf 
branchial  sacs  or  pouches  are  formed,  each  of  which  opfl* 
internally  into  the  pharynx  by  a  separate  slit,  and  commini' 
Gates  externally  with  the  water  by  a  separate  aperture  placw, 
on  the  side  of  the  neck  (fig.  248,  13).  The  arrangement  of  ti*j 
gills  being  such,  there  is,  of  course,  no  gill-cover,  and  no  bfl^j 
chiostegal  membrane  or  rays.  In  one  section  of  the  ord^i 
however — viz.,  the  Holocephali — though  the  internal  stnictn* 
of  the  gills  is  the  same  as  the  above,  there  is  only  a  siBpftl 
branchial  aperture  or  gill-slit  externally^  and  this  is  protccWj 
by  a  rudimentary  operculum  and  branch iostegal  rays. 

III.  Another  character  in  the  ElasmobranchiL  shared,^ 
ever,  by  many  of  the  Ganoids,  is  the  structure  of  the  iDtcsWJ 
canal.  The  intestine  is  extremely  short ;  but,  to  compcnsi^j 
for  this,  there  is  a  peculiar  folding  of  the  mucous  inembitf^J 
constituting  what  is  known  as  the  "  spiral  valve."    The  niuc 
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e,  namely,  from  the  pylorus  to  the  anal  aperture,  is 
to  a  spiral  reduplication,  which  winds  in  close  coils 
J  intestine,  like  the  turns  of  a  screw.  By  this  means 
ptive  surface  of  the  intestine  is  enormously  increased, 
lortness  is  thus  compensated  for. 
'  be  noted  that  some  high  authorities  are  in  favour 
ew  that  the  Elasmobranchii  are  to  be  regarded  as  a 
lass,  and  not  as  merely  an  order  of  the  class  Pisces. 
der  Elasmobranchii  is  divided  into  two  sub-orders — 
'^hediy  characterised  by  the  mouth  being  terminal  in 
and  there  being  only  a  single  gill-slit ;  and  the  Plagio- 
which  the  mouth  is  transverse,  and  placed  on  the 
face  of  the  head  (fig.  248,  A),  and  there  are  several 
apertures  on  each  side  of  the  neck. 
DER  A.  HoLOCEPHALi. — This  sub-ordcr  includes  cer- 
3US  fishes,  of  which  the  only  living  forms  are  the 
te.  The  notochord  is  persistent;  but  the  neural 
id  transverse  processes  are  cartilaginous.  The  jaws 
,  and  are  covered  by  broad  plates  representing  the 
nrhich  there  are  four  upper  and  two  lower.  The  exo- 
consists  of  placoid  granules.  The  first  ray  of  the 
lorsal  fin  is  in  the  form  of  a  powerful  defensive  spine, 
'  ichthyodorulites  "  of  many  fossil  fishes.  The  ventral 
xlominal,  and  the  tail  is  heterocercal.  There  is  only 
external  gill-aperture,  covered  with  a  gill-cover  and 
itegal  membrane ;  but  only  a  small  portion  of  the 
f  the  branchial  laminae  is  free.  The  mouth  is  placed 
remity  of  the  head. 

-known  living  representative  of  the  sub-order  is  the  Chimara 
[fig.  249,  B),  commonly  known  as  the  "king  of  the  Herrings.*' 
2  there  is  only  one  apparent  gill-slit,  but  the  gills  really  adhere 
lament  by  a  large  portion  of  their  borders,  and  there  are  conse- 
\  holes  communicating  with  the  gill-slit.  A  rudimentary  oper- 
esent,  covered  by  the  skin.  In  the  closely-allied  Callorhynchus 
mth  Seas,  there  is  a  large  fleshy  appendage  at  the  end  of  the 
the  Secondary  and  Tertiary  Rocks  are  found  several  fossil 
dtuting  the  genera  Edaphodus^  Elasmodus,  and  Ischiodus. 

DER  B.  Plagiostomi. — This  sub-order  is  of  consider-* 
ier  importance,  as  it  includes  the  well-known  Sharks 
.  The  vertebral  centra  are  usually  more  or  less  ossi- 
even  when  quite  cartilaginous,  the  centra  are  marked 
stinct  rings.  The  skull  is  in  the  form  of  a  cartila- 
psule,  wi&out  distinct  cranial  bones.  The  mouth  is 
^  and  is  placed  on  the  under  surface  of  the  head 
A).    The  exoskeleton  consists  of  placoid  granules. 


4/8 


MANUAL  OF  ZOOLOGY. 


tubercles,  or  spines.    The  branchial  sacs  open  externally  \if 
as  many  distinct  apertures  as  there  are  sacs,  and  there  is  do 


Fig.  249. — Plagiostomi  and  Holocephali.    A,  White  Shark  {Caniarias); 
B,  Chimigra  monstrosa.    (After  Gosse.) 

operculum.    A  pair  of  tubes  proceed  from  the  pharynx  to  op«»j 
on  the  upper  surface  of  the  head  by  two  apertures,  whidi  J* 
termed  "  spiracles,"  and  which  are  sometimes  regarded  as  fc 
homologues  of  the  Eustachian  tube  and  external  meatus  ^L 
torius  (\Vyman).     By  means  of  these  water  can  be  adinittt*  J= 
to  the  pharynx,  and  thence  to  the  gills. 

By  Professor  Owen  the  Plagiostomi  are  divided  into  tbrec  sectiA] 
termed  respectively  the  Cestraphoriy  the  Stlachii^  and  the  Batidis. 

a.  Cestraphori. — In  this  division  there  is  a  strong  spine  in  front  01 1 
dorsal  fin,  and  the  back  teeth  are  obtuse  (fig.  250).  The  only  living ^Jj 
sentatives  of  this  group  are  the  Port  Jackson  Shark  {Cestradon  /*« 
and  some  allied  forms,  characterised  by  their  pavement  of  plate»UI* '  - 
ing  teeth,  adapted  for  comminuting  small  Molluscs  and  Crustaceans.  WJj 
are  exclusively  inhabitants  of  the  Pacific  Ocean,  and  are  remarkable fcjrjj*] 
close  resemblance  to  a  large  group  of  extinct  forms,  of  which  thebestk*^j 
are  the  genera  Hybodus  and  Ac  rod  us  from  the  Secondary  Rocks. 

b.  Selachii. — This  group  comprises  the  formidable  Sharks  and 
fishes,  and  is  characterised  by  the  lateral  position  of  the  bnmchi«Jf ' 
side  of  the  neck,  and  by  the  fact  that  the  pectoral  fins  have  thdr  '  ** 
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and  podtian,  and  thdr  Mtteiior  endi  are  not  connected  with  the  skull 
itOages.  Tbe  iknll  alio  has  a  median  facet  for  tbe  lint  veitebia. 
Do^^fiibe*  are  of  common  occurrence  in  British  leas,  bat  are  of  little 
.    Their  ^g-casei  are  frequently  cast  np  on  onr  shores,  and  are 


w  half  the  nuunl  tin. 


inly  known  as  "Mermaid's  purses,"  The  embryo  p< 
Use,  developed  bolh  from  the  spiracle  and  the  brancniai  arcnes  ;  dui 
■trocturea  disappear  in  the  course  of  growth.  The  true  Sharks  are 
sfrequently  found  in  various  European  seas,  but  they  are  mostly 
■tints  of  wanner  waters.  One  of  the  latest  is  the  "  White  Shark  ' 
hariai  vulgaris),  which  attains  a  length  of  over  thirty  feet  (fig.  349, 
The  body  in  the  Sharks  [Squalida)  is  not  rhomboidal,  but  is  eton- 
. ;  the  nostrils  are  placed  on  the  under  side  of  the  snout,  and  the  teeth 
nanged  in  several  rows,  of  which  the  outermost  alone  is  employed, 
■ner  ones  serving  10  replace  the  former  when  worn  out. 
Batidti. — This  gnnip  includes  the  Rays  and  Skates,  and  is  distin- 
ed  W  the  fact  that  the  bronchial  apertures  are  placed  on  the  under 
X  of  the  body,  fotming  two  rows  of  openings  a  little  behind  the 
b.  In  the  typical  members  of  the  group  the  body  is  flattened  out  su 
fonn  a  kind  of  rhomboidal  disc  {fig.  351),  the  greater  part  of  which 
de  Dp  of  the  CDonnouily-developed  pectoral  fins.  The  pectoral  tins 
aitedby  caitflage  with  the  skull,  and  there  is  no  median  facet  upon 
tcdpot  for  ajticnlalion  with  the  first  vertebra.  Upon  the  upper 
it  at  the  diic  are  the  eyei  and  spiracles ;  upon  the  lower  lur&ce  are 
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the  nostrils,  mouth,  and  branchial  apertures.  The  flattened  bodies  of  Uie 
Rays,  however,  must  be  carefully  distii^ished  from  those  of  the  FUt^ 
fishes  {PUuratuctida),  In  the  former  the  flat  surfiures  of  the  body  an 
truly  the  dorsal  and  ventral  surfaces.     In  the  latter,  as  before  remaiked, 

the  body  is  flattened,  not  Ctni 
above  downwards,  bat  from  ade 
to  side,  and  the  head  is  so  twitf  • 
ed  that  both  eyes  are  braii|^ 
to  one  side  of  the  body.    Tlie 
tail  in  the  Rays  is  long  nl 
slender,    usually    armed  vitk 
spines,  and  generally  with  t«D 
or  three  fins  (the  homologueiof 
the  dorsal  fins).      The  waA 
is  paved  with  flat  teeth,  of  & 
more  or  less  rhomboidal  shape. 
The  typical  membeis  of  Ik 
Batida  are  the  Skates  and  Ya^ 
of  which  the  common  Tbon* 
back  {Rata  clavaia)  maybe  bJta 
as  a  familiar  example.    MoR 
remarkable  than  the  comnoi 
Rays  is   the  Electric  Raf  or 
Torpido^  which  has  the  fwwr 
of  discharging  electrical  sbocU 
if  irritated.      The  identiiy  rf 
the  force  produced  in  this«y 
with  the  electricity  of  the  n* 
chine  has  been  demonstrated  ^ 
many  careful  experiments.  The 
Torpedo  owes  its  rcmaAabk 
power  to  two  special  organs^ 
the  "electrical  organs,"  which  consist  of  two  masses  placed  on  each  si(k 
of  the  head,  and  consisting  each  of  numerous  vertical  gelatinous  colaa* 
separated  by  membranous  septa,  and  richly  furnished  with  nerves  from  ^ 
eighth  pair  ;  the  whole  arrangement  presenting  a  singular  resemblance • 
the  cells  of  a  voltaic  battery.     There  is  no  doubt,  however,  but  that  tk 
force  which  is  expended  in  the  production  of  the  electricity  is  only  no* 
force.     For  every  equivalent  of  electricity  which  is  generated,  the  nshloi* 
an  equivalent  of  nervous  energy  ;    and  for  this  reason  the  productioa* 
the  electric  force  is  strictly  limited  by  the  amount  of  nerve-force  possess 
by  the  animal. 

Other  well-known  meml)ers  of  the  family  are  the  Sting-rays  (T'OsH' 
the  Eagle-rays  {Myliobatis),  the  Homed  Rays  {Ceph€UopUra\  aw  * 
Beaked  Rays  {Rhinobatis). 

In  the  Saw-fish  {Pristis  aniiquonim)  the  body  has  not  the  typical  B* 
tened  form  of  the  Rays,  and  the  snout  is  elongated  .so  as  to  form  a  kjj 
sword-like  organ,  the  sides  of  which  are  furnished  with  strong  tooth* 
spines.  This  constitutes  a  powerful  weapon,  with  which  tlw  Sa*-** 
attacks  the  largest  marine  animals. 

Before  leaving  the  Elasmolyranchiiy  a  few  words  may  be  said  as  to  »*■ 
position  in  the  class  of  fishes.  From  the  cartilaginous  nature  of  the** 
doskeleton,  and  the  similarity  between  the  form  of  their  gills  and  UJJJ 
of  the  Lampreys  and  Myxinoids,  the  ^/iiJ»/a^rtf«f^«  were  long  place«l*J, 
down  in  the  scale  of  fishes,  to  which  also  the  permanently  hetcroccrcal  I* 
conduced.     When  we  come,  however,  to  take  into  consideratioothei^' 


Fig.  251. — Batidcs.  Rata  marginata^  one  of 
the  Skates.  Reduced  one  sixth.  (After 
Gossc.) 
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their  characters,  there  can  be  little  hesitation  in  placing  the  order 
f  at  the  summit  of  the  entire  class.  The  nervous  system,  and  especi- 
he  cerebral  mass,  is  very  much  more  highly  developed  proportion- 
tlum  is  the  case  with  any  other  division  of  the  fishes.  The  organs  of 
aie^  comparatively  speaking,  of  a  very  high  grade  of  organisation, 
nditory  oi^ans  being  more  than  ordinarily  elaborate,  the  eyes  being 
times  furnished  with  a  third  eyelid  {rmrfnbrana  nictitans\  and  the 
acs  having  a  very  complex  structure.  The  structure  of  the  heart 
s  with  that  of  the  Ganoids,  and  is  a  decided  advance  upon  the  heart 
!  more  typical  bony  fishes.  Finally,  the  embryo,  before  its  exclusion 
the  egg,  is  furnished  with  external  filamentous  branchix,  this  being  a 
ed  approximation  to  the  Amphibia, 

itDER  VL  Dipnoi  ( =  Protopteri,  Owen). — This  order  is  a 
1  one,  and  includes  no  other  living  forms  than  Mud-fishes 
xdosiren  and  Ceratodus) ;  but  it  is  nevertheless  of  great 
vrtance  as  exhibiting  a  distinct  transition  between  the  fishes 
the  Amphibia,  So  many,  in  fact,  and  so  striking,  are  the 
ts  of  resemblance  between  the  two,  that  until  recently  the 
iasirm  (fig.  252)  was  always  made  to  constitute  the  lowest 


Fig.  352.— Dipnoi.    Le^idosiren  annectens. 

of  the  Amphibia.  The  highest  authorities,  however,  now 
ar  in  placing  it  amongst  the  fishes,  of  which  it  constitutes, 
CemtpduSf  the  highest  order.  The  order  Dipnoi  is  defined 
ic  following  characters : — The  body  is  fish-like  in  shape, 
tis  a  skull  with  distinct  cranial  bones  and  a  lower  jaw ^  but 
Qtochord  is  persistent^  and  there  are  no  vertebral  cmtra^  nor 
dpital  condyle.  77ie  exoskeleton  consists  of  horny,  overlap- 
scaUSy  having  the  ''cycloid'*  cliaractcr.  The  pectoral  and 
al  limbs  are  both  present,  but  have  (in  Lepidosiren)  the  form 
rl-^haped,  filiform,  many-jointed  organs,  of  which  the  former 
have  a  membranous  fringe  inferiorly.  The  ventral  limbs  are 
hed  close  to  the  anus,  and  the  pectoral  arch  has  a  clavicle ; 
the  scapular  arch  is  attached  to  the  occiput.  In  Cera- 
r  (fig.  253)  the  pectoral  and  ventral  limbs  have  the  same 
>  as  in  the  Crossopterygious  Ganoids.  T/ie  hinder  extremity 
i  body  is  fringed  by  a  vertical  median  fin.  The  heart  has 
auricles  and  one  ventricle.  The  respiratory  organs  are  two- 
consist  ing^  on  the  one  hand,  of  free  filamentous  gills  con- 

2  H 
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tained  in  a  branchial  chamber^  which  opens  externally  by  a  single 
vertical  gill-slit ;  and,  on  the  other  hand,  of  true  lungs  in  the  Jem 
of  a  double  cellular  air-bladder^  communicating  with  thea^kor 
gus  by  means  of  an  air-duct  or  trachea,  J7t€  bronchia  an  sup- 
ported upofi  branchial  arches,  but  these  are  not  connected  with  the 
hyoid  bone  ;  and  in  some  cases,  at  any  rate,  rudimentary  extend 
branchice  exist  as  well  The  nasal  sacs  open  posteriorly  tutu  ik 
throat. 

If  these  characters  are  examined  a  little  more  minatdyi  it 
is  easy  to  point  to  those  in  which  the  Dipnoi  approadi^  the 
Fishes,  and  to  those  in  which  they  resemble  the  Amphibitti 
They  resemble  the  fishes  in  the  shape  of  the  body,  and  in  the 
possession  of  a  covering  of  homy  overlapping  scales  of  thetns 
cycloid  character  j  whilst  the  limbs  are  more  like  those  of  fishes 
than  of  reptiles.  The  fin,  also,  which  clothes  the  posterior 
extremity  of  the  body,  is  of  a  decided  fish-like  character.  TTie 
most  marked  piscine  feature,  however,  is  the  presence  of  fe 
branchiae,  attached  to  branchial  arches,  and  placed  in  a  txaih 
chial  cavity,  which  opens  internally  into  the  pharynx  by  1 
number  of  fissures,  and  communicates  externally  with  the  outer 
world  by  means  of  a  single  vertical  gill-slit. 

On  the  other  hand,  the  Dipnoi  approximate  to  the  Amphi- 
bians in  the  following  important  points : — The  heart  consists 
of  three  cavities,  two  auricles  and  a  single  ventricle.  Tntf 
lungs  are  present,  with  a  trachea  and  glottis,  returning  their 
blood  to  the  heart  by  a  distinct  pulmonary  vein,  and  in  every 
respect  discharging  the  functions  of  the  lungs  of  the  higher 
Vertebrates.  It  is  true  that  the  lungs  of  the  Dipnoi  are  mcrdf 
a  modification  of  the  swim-bladder  of  the  other  fishes,  but  the 
significance  of  the  change  of  function  is  not  affected  by  this 
Lastly,  sometimes,  at  any  rate,  there  are  rudimentary  extcntfl 
branchiae  placed  on  the  side  of  the  neck.  This  feature,  as  *ifl  1- 
be  seen  shortly,  is  characteristic  of  all  the  Amphibians,  eiihff  I 
permanently  or  in  their  immature  state.  .   I 

Upon  the  whole,  then,  whilst  for  the  purposes  of  systepianc  | 
classification  the  Dipnoi  must  be  placed  amongst  the  FisheSr 
it  is  not  to  be  forgotten  that  many  of  their  characters  are  those 
of  a  higher  class,  and  that  they  may  justly  be  looked  upon  as 
a  connecting  link,  or  transitional  group,  between  the  twogr^ 
divisions  of  the  Fishes  and  the  Amphibians. 

As  regards  their  distribution  and  mode  of  life,  two  specks 
at  least  of  Lepidosiren  are  known — the  Z.  paradoxa  from  the 
Amazon,  and  the  Z.  annectens  from  the  Gambia,  They  bo« 
inhabit  the  waters  of  marshy  tracts,  and  are  able  in  the  'W 
season  to  bury  themselves  in  the  mud,  forming  a  ^^  * 
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bet,  in  which  they  remain  dormant  till  the  return  of  the 
Recently  there  has  been  discovered  in  the  rivers  of 
Dsland  (Australia)  a  lish  which  has  been  described  under 
une  of  Ceratodus  FosUri,  and  which  would  appear  to  be 
closely  related  to  the  Leptdosirm.  This  singular  fish  (fig. 
—the  "  Barramunda  "  of  the  natives — is  from  three  to  six 


Fit  1S3.— Crra/orfju  Fut 

ong,  and  has  the  body  covered  with  large  cycloid  scales, 

des  with  smaller  scales  having  been  described  as  C.  mio- 

The  skeleton  is  notochordal,  ail  the  bones  remaining 

anently  cartilaginous.     There  is  a  well-developed  opercu- 

but — as  in  Ltpidosireti — no  branch ios legal  lays.  The 
1  homocercal,  and  the  pectoral  and  ventral  fins  are  sup- 
id  by  a  median,  many-jointed,  cartilaginous  rod,  with 
sous  lateral  branches  on  each  side.     The  heart  consists 

single  auricle  and  ventricle,  with  a  "  Ganoid "  bulbus 
iosus.     There  are  five  branchial  arches,  of  the  Teleostean 

but  cartilaginous.  The  swim-bladder  is  single,  composed 
fo  symmetrical  halves,  cellular  in  structure,  with  a  pneu- 
;  duct  and  glottis,  as  in  Ltpidosiren.  The  intestine  has  a 
I  Talve,  and  there  are  no  pyloric  cseca.  There  are  two 
r  teeth  in  each  jaw,  having  the  form  of  flattened  undu- 

plates  of  bone,  singularly  like  the  teeth  of  Ceratodus 

the  Trias  (fig.  254).     The  Cfrd/ou'/ employ  these  crush- 


teeth  in  the  mastication  of  vegeUble  matter,  upon  which 
feed }  and  thejr  are  auted  to  leave  the  streams  which 
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they  inhabit,  at  night  time,  in  order  to  betake  themselves  to 
the  marshy  flats  in  the  vicinity,  where  they  obtain  an  abun- 
dant supply  of  food. 

Upon  the  whole,  Dr  Giinther  concludes  that  the  Dtpnei  arc 
to  be  regarded  as  a  simple  sub-order  of  Ganoids,  and  that  the 
entire  order  Ganoidei  may  be  united  with  Elasmobrarnhn 
into  a  single  order,  called  Palaichthycs^  characterised  by  havii^ 
a  "heart  with  a  contractile  bulbus  arteriosus,  intestine  with 2 
spiral  valve,  and  optic  nerves  non-decussating." 


CHAPTER   LVII. 


DISTRIBUTION  OF  FISHES  IN  TIME. 

The  geological  history  of  fishes  presents  some  points  of  p^ 
culiar  interest.     Of  all  the  classes  of  the  great  sub-kingdom 
VertebratiXy  the  fishes  are  the  lowest  in  point  of  organisation. 
It  might  therefore  have  been  reasonably  expected  that  thfv 
would  present  us  with  the  first  indications  of  vertebratclife 
upon  the  globe ;  and  such  is  indeed  the  case.     After  passii^ 
through  the  enormous  group  of  deposits  known  as  the  Lauren- 
tian,  Huronian,  Cambrian,  and  Lower  Silurian  formations- 
representing  an  immense  lapse  of  time,  during  which,  so  fo 
as  we  yet  know  with  certainty,  no  vertebrate  animal  had  bctfl 
created — we  find  in  the  Upper  Silurian  rocks  the  first  traces 
of  fish.     The  earliest  of  these,  in  Britain,  is  found  in  the  base 
of  the  Ludlow  rocks  (Lower  Ludlow  Shale),  and  belongs  to 
the  placoganoid  genus  Pteraspis,     Also  in  the  Ludlow  rocfe 
but  at  the  summit  of  their  upper  division,  are  found  fin-spioeJ 
and  shagreen,  probably  belonging  to  Cestraciont  fishes— thit 
is  to  say,  to  fishes  of  as  high  a  grade  of  organisation  as  the 
ElasmobranchiL     So  abundant  are  the  remains  of  fishes  in  tjj 
next  great  geological   epoch — namely,  the  Devonian  or  OW 
Red  Sandstone — that  this  period  has  frequently  been  desfr 
nated  the  "  Age  of  Fishes."     Most  of  the  fishes  of  the  Ow 
Red  Sandstone  belong  to  the  order  Ganoidei^  but  the  ordff 
Dipnoi  appears  to  be  also  represented.     In  the  Carboniferoos 
and  Permian  rocks  which  close  the  Palaeozoic  period,  ffl<^ 
of  the  fishes  are  still  Ganoid,  but  the  former  contain  tbf  ^ 
mains  of  many  Elasmobranchii.     At  the  close  of  the  P^^^*^ 
and  the  commencement  of  the  Mesozoic  epoch,  the  GanojJ 
fishes  begin  to  lose  that  predominant  position  which  ^ 
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fore  occupied,  though  they  continue  to  be  represented 
tmgh  the  whole  of  the  Mesozoic  and  Kainozoic  periods  up 
the  present  day.  The  Ganoids,  therefore,  are  an  instance 
a  family  which  has  endured  through  the  greater  part  of 
ological  time,  but  which  early  attained  its  maximum,  and 
s  been  slowly  dying  out  ever  since.  Towards  the  close  of 
;  Mesozoic  period  (in  the  Cretaceous  period)  the  great 
nily  of  the  Teleostean  or  Bony  fishes  is  for  the  first  time 
lown  certainly  to  have  made  its  appearance.  The  families 
the  Marsipobranchii  and  Fharyngobratichii  have  not  left,  so 
:  as  is  known,  any  traces  of  their  existence  in  past  time, 
dgmg  fi-om  analogy,  however,  it  is  highly  probable  that  both 
these  must  have  had  a  vast  antiquity,  and  it  is  not  im- 
issible  that  the  so-called  "Conodonts"  of  the  Palaeozoic 
riod  may  yet  be  shown  to  be  the  teeth  of  fishes  allied  to  the 
impreys. 

Living  these  unrepresented  orders  out  of  consideration,  the 
lowing  are  the  chief  facts  as  to  the  geological  distribution  of 
B  other  great  groups : — 

L  Ganoidei, — ^As  far  as  is  yet  known  with  certainty,  the 
iest  representatives  of  the  fishes  belong  to  this  order.  The 
ier  is  represented,  namely,  in  the  Upper  Silurian  rocks 
the  remains  of  at  least  four  genera.  In  the  Devonian 
:ks,  or  Old  Red  Sandstone,  the  Ganoids  attain  their  maxi- 
im  both  in  point  of  numbers  and  development.  The 
icoganoid  division  of  the  order  is  represented  by  the 
igular  genera  Pterichthys  (fig.  247),  Cephalaspis  (fig.  246), 
eraspis  and  Coccostms  {fig,  247).  The  Lepidoganoid  division 
the  order  is  now  also  abundantly  represented  for  the  first 
ae,  the  genera  Dipterus,  Osteolepis  (fig.  244),  Gfyptolepis, 
ohptychiusy  Diplacanthus^  and  many  others,  belonging  to  this 
ction.  As  regards  the  further  distribution  of  the  Placoga- 
lids,  the  section  of  the  Ostracostd^  characterised  by  the  great 
ivdopment  of  the  cephalic  buckler,  appears  to  have  died 
It  at  the  close  of  the  Devonian  period.  The  other  section, 
iwever — namely,  that  of  the  Sturionidce — is  represented  in 
e  Liassic  period  (Mesozoic)  by  the  genus  Chondrosteus,  and 
the  Eocene  (Kainozoic)  by  a  true  Sturgeon,  the  Acipenser 
Uapicus. 

TTie  Lepidoganoids  continue  from  the  period  of  the  Old  Red 
t  great  profusion,  and  they  are  represented  by  very  many 
»cta  in  the  Carboniferous  and  Permian  rocks.  In  the  earlier 
wtion  of  the  Mesozoic  period — /.  ^.,  in  the  Lias  and  Trias — 
^cy  are  still  represented,  but  all  the  forms  are  as  yet  hetero- 
^'caL    In  the  Oolitic  rocks,  for  the  first  time,  Lepidoganoids 
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with  homocercal  tails  {fig.  245,  B)  appear,  and  they  continM 
to  be  represented  up  to  the  present  day. 

II.  £lastiiobranchii. — Like  the  Ganoidd,  the  great  order  of 
the  Sharks  and  Rays  is  one  of  vast  antiquity.  At  the  lop  of 
the  Upper  Ludlow  rocks,  or  at  the  close  of  the  Upper  Silnria 
epoch,  there  have  been  discovered  the  remains  of  undoubted 
Plagiostomous  fishes,  mostly  nearly  allied  to  the  existing  Port 
Jackson  Shark  (Cestracion  Pkilippi).  These  remains  cooaS 
chiefly  of  defensive  spines,  which  formed  the  first  rays  in  the 
dorsal  fins,  and  upon  these  the  genus  Onchus  has  been  founded 
Besides  these  there  have  been  found  portions  of  skin  or 
"shagreen,"  with  little  placoid  tubercles,  like  the  skin  of  » 
li\'ing  shark.  These  have  been  referred  to  the  genus  Sphagda. 
They  are  the  earliest-known  remains  of  Plagiostomous  fishes, 
and,  with  the  exception  of  the  few  remains  from  the  Lowir 
Ludlow  rocks,  they  are  the  earliest-known  remains  of  fishes  in  ; 
the  stratified  series.  The  discovery  of  these  remains,  at  ihit  ■ 
time  the  earliest  known  traces  of  Vertebrate  life,  is  due  toliie  i 
genius  of  Sir  Roderick  Murchison,  the  author  of  "Siluria" 


Most  of  the  fossil  Elasmobrancnii  belong  to  the  dins'" 
Ccj/m/Am  of  Owen,  so  called  because  they  are  pro^Hded  «» 
the  large  fin-spines,  which  are  known  to  geologists  as  "ichin.i'- 
dorulites."    The  two  families  of  this  division — the  CesIT«:i«iB 
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liybodonts — are  largely  represented  in  past  time,  the 
r  chiefly  in  the  Palaeozoic  period,  the  latter  chiefly  in 
fesozoic  rocks.  Above  (fig.  255)  is  an  illustration  of 
ichthyodorulites "  and  teeth  of  some  of  the  Palaeozoic 

e  true  Sharks  are  represented  in  the  later  Mesozoic 
its  (e.£.y  by  teeth  of  Notidanus  in  the  Oolites) ;  but  they 
^iefly  Tertiary.  The  teeth  of  Odontasfts,  Galeocerdo,  and 
iarodan^  are  good  examples  from  the  Eocene.  The  true 
are  older  than  the  true  Sharks,  the  Carboniferous  fossil, 
acanthus f  being  probably  the  spine  of  a  Ray  (fig.  255). 
!rous  remains  of  Rays,  chiefly  in  the  form  of  the  pavement- 
ecth,  are  known,  both  from  the  Secondary  and  Tertiary 
,  The  last  division  of  the  Elasmobranchii — viz.,  that 
e  Holocephali  —  is  poorly  represented  in  past  time  by 
zoic  and  Kainozoic  genera  such  as  Ischiodus,  Elasmch 
GanoduSy  and  Edaphodus, 

.  The  order  of  the  Dipnoi y  until  of  late  years,  was  not 
D  to  be  represented  in  past  time  at  all.  By  the  discovery, 
rer,  of  the  Queensland  Ceratodi,  it  is  now  known  that  the 
ric  and  Jurassic  teeth  (fig,  254)  upon  which  the  genus 
9dus  was  originally  founded  by  Agassiz,  are  truly  refer- 
to  Dipnoous  fishes,  mostly  closely  allied  to  the  living 
.  The  Devonian  Dipterus  and  the  Carboniferous  Ctmodns 
Iso  in  all  probability  to  be  referred  to  the  Dipnoi^  and  it 
y  possible  that  others  of  the  so-called  "  Ganoids  "  of  the 
)zoic  period  will  ultimately  be  referred  here ;  so  that  this 
"kable  order  is  now  known  to  have  had  a  very  wide  range 

.  The  Bony  or  Tdeostean  fishes  do  not  make  their  ap- 
nce  sooner  than  the  Cretaceous  period — that  is,  towards 
lose  of  the  Mesozoic  epoch.  From  this  time  on,  how- 
Bony  fishes  with  cycloid  or  ctenoid  scales  are  the  chief 
sentatives  of  the  whole  class,  and  the  order  appears  to 
attained  its  maximum  in  our  present  seas. 
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CHAPTER  LVIII. 

CLASS  IL-'AMPHIBIA, 

iE  class  Amphibia  comprises  the  Frogs  and  Toads,  the  Sala- 
indroids,  the  Ccuilia^  and  the  extinct  LabyrintJwdonts^  and 
ly  be  briefly  defined  as  follows : — As  is  the  case  with  the 
shes,  the  embryo  is  not  furnished  with  an  amnion,  and  the 
nary  bladder  is  the  only  representative  of  the  allantois.  As 
Fishes,  also,  branchue  orfilametits  adapted  for  breathing  air 
solved  in  water  are  always  developed  upon  the  visceral  arches 
'  a  longer  or  shorter  time.  On  the  other  hand,  the  Amphibi- 
s  differ  from  the  Fishes  in  the  fact  that  true  lungs  are  always 
^umt  in  the  adult ;  the  limbs  are  never  converted  into  fins  ;  and 
\en  median  fins  are  present ^  as  is  sometimes  the  case,  these  are 
^er furnished  with  fin-rays.  The  limbs,  when  present,  exhibit 
their  skeleton  the  same  parts  as  do  the  limbs  of  the  higher 
itebrates.  T?u  skull  always  articulates  with  the  vertebral 
tmn  by  means  of  two  occipital  condyles.  The  heart  consists  of 
f  auricles  and  a  single  ventricle.  The  nascU  sacs  communicate 
ieriorly  with  the  pharynx  ;  and  the  rectum^  ureters^  and  ducts 

the  reproductive  organs  open  into  a  common  chamber  or 

^oacar 

The  great  and  distinguishing  character  of  the  Amphibia  is 

\  fact  that  they  undergo  a  metamorphosis  (rarely  concealed 

inconspicuous)  after  their  exclusion  from  the  egg.  They 
nmence  life  as  water-breathing  larvae,  provided  with  gills  or 
uichis;  but  in  their  adult  state  they  invariably  possess 
igs — the  branchiae  in  the  higher  forms  disappearing  when 
i  longs  are  developed — but  being  in  other  cases  permanently 
ained  throughout  life. 

(n  the  earliest  embryonic  condition  the  branchiae  are  exter- 
^  placed  on  the  side  of  the  neck,  and  not  situated  in  an 
emal  chamber,  as  in  Fishes.  In  some  cases  the  external 
UDchiae  only  are  present^  and  they  are,  in  any  case,  the  gills 
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which  are  retained  in  those  forms  in  which  the  t 
permanent  {Perennibranchiatd).  In  the  tailed  AmphilriaiB 
(  Urodda),  and  in  the  Frogs  and  Toads  (Anourd)  two  sets  o( 
gills  are  developed — an  external  set,  which  is  very  soon  lort, 
and  an  internal  set,  which  is  retained  for  a  longer  or  tbata 


OIK  sf  ihc  Tne-rrogi  |a(tcr  GOmbtrl 


period.  As  maturity  is  approached,  true  lungs  adapted  6« 
breathing  air  are  developed.  The  development,  howe«r,rf 
the  lungs  varies  with  the  completeness  with  which  aerial  r» 
piradon  has  to  be  accomplished  ;  being  highest  in  those  Sm* 
which  lose  their  gills  when  grown  up  {Cadudliranchiata),m 
lowest  in  those  in  which  the  branchias  are  retained  througboH 
life  {Peratnibranchiata). 

In  accordance  with  the  change  from  an  aquatic  or  btandaj 
to  a  more  or  less  completely  aerial  or  pulmonary  mode* 
respiration,  considerable  changes  are  effected  in  the  coo* 
and  distribution  of  the  blood-vessels.  In  the  larval  aiDdid* 
when  the  respiration  is  entirely  effected  by  means  of  the  pft 
the  circulation  is  carried  on  very  much  as  it  is  in  Fisl* 
The  heart  is  composed  of  a  single  auricle  and  ventricle,  i* 
the  blood  is  propelled  through  a  bulbus  arteriosus  and  te* 
chial  artery  to  the  gills.  The  aerated  blood  is  then  coDo^ 
in  the  branchial  veins,  and  instead  of  being  retunied  to* 
heart,  is  forthwith  propelled  to  all  parts  of  the  body,  tt** 
scending  aorta  being  formed  out  of  the  branchial  '*''''^ 
this  stage,  therefore,  the  heart  is  a  branchial  one,  and  the  w^ 
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iction  of  the  heart  is  sufficient  to  drive  the  blood  through 
the  branchial  and  systemic  circulations,  just  as  we  saw 
dennanently  the  case  with  all  the  Fishes  except  the 
tL  The  pulmonary  arteries  are  at  first  very  small,  and 
lieir  origin  from  the  last  pair  of  branchial  arteries.  When 
mgs,  however,  are  developed,  and  the  respiration  com- 
es to  be  aerial,  the  pulmonary  arteries  increase  propor- 
idy  in  size,  and  more  and  more  blood  is  gradually 
ted  from  the  gills  and  carried  to  the  lungs,  so  that  the 
his  suffer  a  proportionate  diminution  in  size.  In  those 
libians  in  which  branchiae  are  permanently  retained 
^branchiata),  this  state  of  affairs  remains  throughout 
that  is  to  say,  a  portion  of  the  venous  blood  is  sent  by 
iilmonary  artery  to  the  lungs,  and  a  portion  goes  to  the 
In  those  Amphibians,  however,  in  which  the  adult 
bes  by  lungs  alone  {Caducibranchiata),  further  changes 
:.  In  these  the  pulmonary  arteries  increase  so  much  in 
hat  they  ultimately  divert  all  the  blood  from  the  branchiae, 
these  organs,  having  fulfilled  their  temporary  function, 
ne  atrophied  and  disappear.  The  vessels  which  return 
crated  blood  from  the  lungs  (the  pulmonary  veins)  increase 
e  proportionately  with  their  increased  work,  and  ultimately 
:  to  open  into  a  second  auricle  formed  at  their  point  of 
I.  The  heart,  therefore,  of  the  Amphibia  in  their  adult 
consists  oitwo  auricles  and  a  common  ventricle.  The  right 
le  receives  the  venous  blood  from  the  body,  and  the  left 
ires  the  arterial  blood  from  the  lungs,  and  both  empty  their 
nts  into  the  single  ventricle.  As  in  Reptiles,  therefore, 
entricular  cavity  of  the  heart  in  adult  Amphibians  contains 
ted  fluid,  partly  venous  and  partly  arterial,  and  from  this 
the  body  and  the  lungs  are  supplied  with  blood. 
le  larval  Amphibians  are  furnished  with  a  more  or  less 
isively  developed  caudal  appendage  or  tail,  which  may  or 
not  be  retained  throughout  life.  In  the  so-called  "  tailed  " 
bibianSy  such  as  the  Newts,  the  larval  tail  is  permanently 
led  (fig.  257);  whereas  in  the  "Tail-less  "  forms,  such  as 
Frogs  (fig.  256),  the  tail  is  absorbed  before  maturity  is 
led.  In  a  few  cases,  it  seems  questionable  if  the  larvae 
!ss  branchiae,  and  there  is  no  metamorphosis  properly  so 
dy  since  the  young  animal  resembles  the  adult  in  all 
pt  size  almost  immediately  after  exclusion  from  the  egg 
tte  of  these  cases  {Hylodes)  the  larval  tail  appears  to  offici- 
a  a  breathing-organ,  before  emergence  from  the  egg,  but 
Dsorbed  within  the  first  day  after  hatching.  In  other 
Si  again — ^.^.,  in  Pipa  and  Nototretna — though  a  metamor- 
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phosis  takes  place,  this  is  completed  before  the  young  ai 
begins  to  lead  a  free  existence. 

The  endoskeleton  of  the  Amphibia  is  generally  well  oa 


Fig.  257.— Tailed  Amphibians.    A,  Siren  lacertiHa:  B,  Am/hiumay  showing! 
minute  limbs ;  C,  Mcnobrattchtts  maculatus.     (After  Mivait.) 

and  the  skull  possesses  two  occipital  condyles.  The  vert 
are  biconcave  or  amphicoelous  (as  in  Fishes)  in  Proteus^  ( 
ianSj  and  most  of  the  extinct  Labyrinthodonts,  In  the 
manders  and  Surinam  Toads  the  vertebrae  are  opisthocoe 
but  most  of  the  other  Amphibians  have  proccelous  vert< 
The  length  of  the  vertebral  column  is  greatly  reduced  ii 
tail-less  forms,  and  the  number  of  vertebrae  is  correspond 
small.  The  sacrum  is  seldom  composed  of  more  than 
vertebra,  and  there  are  often  no  separately-ossified  ribs.  Ii 
Tailed  Amphibians  and  the  Caecilians,  however,  there  are 
developed  ribs,  which  are  never  supplemented  in  froo 
sternal  ribs,  though  a  cartilaginous  or  partially-ossified  ster 
may  be  present. 

Limbs  may  be  entirely  wanting  (as  in  the  Caecilians 
some  of  the  Labyrinthodonts) ;  but  all  the  other  membei 
the  class  possess  both  pairs  of  limbs,  with  the  exception  d 
genus  Siren ^  in  which  the  pelvic  limbs  are  wanting  (fig.  *! 

The  skin  is  mostly  soft,  moist,  and  richly  provided  ^ 
glands;  the  Caecilians  have  mostly  small  rounded  he 
scales  imbedded  in  the  integument,  and  the  extinct  Ls 
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xlonts  possessed  a  ventral  armour  of  bony  scales.     In- 
nentary  ossifications  are  also  developed  in  some  other 
{e,g.j  Cerataphrys), 

regards  the  digestive  system  of  the  Amphibia  there  is 
to  say,  except  that  the  rectum  opens,  as  it  does  in  Rep- 
into  a  common  chamber  or  "  cloaca,"  into  which  are  also 
arged  the  secretions  of  the  kidneys  and  generative  organs. 
CT,  gall-bladder,  spleen,  and  pancreas  are  always  present. 
liar  pulsating  cavities,  belonging  to  the  lymphatic  system, 
cnown  as  "  lymph-hearts,"  are  also  present  in  the  higher 
hibians.  The  alimentary  canal  is  much  longer  in  the  lar- 
jnphibians  than  in  the  adult.  A  tongue  may  or  may  not 
►resent,  but  there  are  no  salivary  glands.  Teeth  are 
ly  developed  in  the  vomer,  praemaxillae,  maxillae,  and 
lible,  and  are  generally  disposed  in  the  upper  jaw  in  the 
of  two  concentric  semicircles.  In  the  larvse  of  the  Frogs 
Toads  the  front  of  the  maxillae  and  mandible  are  encased 
homy  beak. 

urinary  bladder  is  present,  opening  into  the  cloaca,  and 
1  are  well-developed  kidneys.  The  ducts  of  the  reproduc- 
:>rgans  communicate  with  the  urinary  ducts.  The  ova  are 
lly  impregnated  outside  the  body ;  but  internal  impregna- 
occurs  in  some  of  the  Urodela. 


CHAPTER    LIX. 
ORDERS  OF  AMPHIBIA, 


Amphibia  are  usually  divided  by  modern  writers  into 
cmlers,  the  old  order  Lepidota^  comprising  the  Lepidosiren^ 
\  now  placed  at  the  head  of  the  Fishes,  under  the  name 
^pnoi.  Whilst  there  is  a  general  agreement  as  to  the 
ber  and  characters  of  the  Amphibian  orders,  the  names 
ioyed  to  designate  them  are  very  various,  and  it  really 
ers  little  which  are  adopted. 

RDER  I.  Ophiomorpha,  Owen  ( =  Gymnophionay  Huxley ; 
&,  Peromela^  Ophidobatrachid)  : — Serpmtiform  or  vermi- 
I  Amphibians y  without  limbs ;  anus  terminal ;  skin  mostly 
\  homy  scales  imbedded  in  it.  Eyes  rudimentary  or  absent. 
"his  is  a  small  order,  including  only  certain  snake-like, 
niform  animals  (fig.  258)  which  are  found  in  various  tropi- 
countries,  burrowing  in  marshy  ground,  something  like 
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gigantic  earth-wonns.      They  form  the  family  GtaliaJt  (tt 
called  by  Linnseiis  from  their  supposed  blindness),  snd  uc 


characterised  by  their  snake-like  form,  and  by  having  tbe  ami 
placed  almost  at  the  extremity  of  the  body.  The  bodjil 
cylindrical  and  worm-like,  and  is  completely  destitute  of  li™' 
The  skin  is  glandular,  naked,  and  viscous,  thrown  into  IlU1l>l^ 
ous  folds,  and  containing  numerous  delicate,  rounded,  bcnf 
scales,  which  are  dermal  in  their  cliaracter,  and  are  wantingi" 
Sip/ionpps  amiuhtiis.  The  mandibular  rami  are  short,  audi" 
united  in  front  by  a  s>-mphysis.  The  teeth  are  long,  shii^ 
and  generally  recurved ;  and  a  row  of  palatine  teeth  formsi 
concentric  series  with  the  maxillary  teeth.  The  tongue  B 
fleshy,  fixed  to  the  concavity  of  the  lower  jaw,  and  not  protw 
sible  {fig.  258),  The  ribs  are  numerous,  but  there  is  W 
sternum.  The  adult  possesses  lungs,  one  of  which  is  smali^ 
than  the  other,  and  the  nose  opens  behind  into  the  moui 
The  eyes  are  rudiraentarj',  nearly  concealed  beneath  the  s^^ 
or  altogether  wanting. 

The  position  of  the  decilia  was  long  doubtful ;  but  li* 
Amphibian  character  was  ultimately  proved  by  the  discordT 
that  whilst  the  adult  breathes  by  lungs,  the  young  possess* 
ternal  branchiie,  communicating  with  the  external  world  lij* 
branchial  aperture  on  each  side  of  the  neck.  In  additioii  B : 
the  presence  of  branchia;  in  the  larva,  the  Caecilians  are  fiui^ 
connected  with  the  Amphibia  by  their  possession  of  a  doul* 
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npital  condyle  and  of  a  glandular  skin ;  whilst  they  approach 
i  Fishes  in  generally  having  small  homy  scales  imbedded  in 
;  integument,  and  in  the  fact  that  the  vertebrae  are  amphicoe- 
iSy  and  the  cavities  formed  by  their  apposition  are  filled  with 
;  gelatinous  remains  of  the  notochord.  As  regards  their  dis- 
mtion  in  space,  the  species  of  Cacilia  are  found  in  India, 
rica,  and  South  America;  Siphonops  and  Rhinatrema  are 
duKvely  American;  and  Epicrium  is  exclusively  Asiatic. 
Orber  II.  Urodela  ( =  Ichthyomorpha,  Owen  ;  Sauro- 
^rachid). — This  order  is  commonly  spoken  of  collectively 
that  of  the  "  Tailed  "  Amphibians,  from  the  fact  that  the 
val  tail  is  always  retained  in  the  adult.  The  Urodela  are 
aiacterised  by  having  the  skin  naked,  and  (except  in  Sala- 
tndra  unguiculata)  destitute  of  any  exoskeleton.  The  body  is 
Heated  posteriorly  to  fomi  a  compressed  or  cylindrical  tail, 
Hch  is  permanently  retained  throughout  life.  The  dorsal  ver- 
'*ng  are  biconcave  (amphicoelous),  or  concave  behind  and  convex 
front  {ppisthocoslous),  and  they  have  short  ribs  attached  to  the 
msverse  processes.  The  bones  of  the  fore-arm  {radius  and  ulna) 
ike  one  hand,  and  those  of  the  shank  {tibia  and  fibula)  on  the 
fcr,  are  not  anchylosed  to  form  single  bones. 
In  one  section  of  the  order — formerly  called  Amphipneusta 
•the  gills  are  retained  throughout  life,  and  the  animal  is  there- 
re  "  perennibranchiate."  In  this  section  are  the  Proteus, 
rtrtj  Menobranchus,  &c.  In  the  remaining  members  of  the 
der  the  gills  disappear  at  maturity,  and  the  animal  is  there- 
ne  "  caducibranchiate.**  In  this  section  are  the  land  and 
Iter  salamanders.  One  form,  however  —  the  Axolotl  of 
exico — appears  to  be  sometimes  caducibranchiate,  though 
nerally  perennibranchiate.  The  genera  Amphiuma  and 
mopoma^  also,  exhibit  a  partially  intermediate  state  of  parts ; 


Fig.  359. — Head  and  fore-part  of  the  body  q{  Proteus  anptinust  showing  the 
external  branchiae  and  tridactylous  fore-limb. 

"  though  they  lose  their  branchiae  when  adult,  they  never- 
eless  retain  the  branchial  apertures  behind  the  head. 
Of  the  perennibranchiate  Urodela^  one  of  the  best  known 
tlie  singular  Proteus  {Hypochthon)  anguinus  (fig.  259),  which 
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is  only  found  inhabiting  pools  in  certain!  caves  ia  lUjnia  and 
Dalmatia.  It  is  of  a  pale  flesh-colour,  or.  nearly  white,  with 
three  pairs  of  scarlet  bnnchiie 
on  each  side  of  the  ned.  It 
attains  a  length  of  about  a 
foot,  and  has  two  pain  of 
weak  limbs,  of  which  the  aih 
terior  have  three  toes,  and  Ac 
posterior  only  two.  From  b 
habitat,  the  poner  of  vistn 
must  be  quite  unnecessaiy, 
and,  as  a  matter  of  fact,  the 
eyes  are  altogether  ludimcnt- 
ary,  and  are  covered  by  lit 
skin.  Several  varietiesof^ 
teus  are  known,  and  the 
figured  above  has  been  d^ 
scribed  as  a  distinct  sprats 
(P.  xan/AostUtus).  Theblood; 
corpuscles  in  Proteus 
in  shape,  and  arc  larger  thin 
those  of  any  other  vertebnit 
animal. 

Of  the  Sirmida,  the  mai 
familiar  are  the  Sirens  aol 
the  Axolotls.  The  Siren,  cr 
Mud-eel  (fig.  257,  A),  is  found 
abundantly  in  the  rice-swaiopi 
of  South  Carolina,  and  iliaini 
a  length  of  three  feet.  Tta 
branchia:  are  persistent,  in^ 
the  hinder  pair  of  legs  wbdij 
wanting.  Two  other  spo* 
are  known,  but  they  are  '^ " 
wise  confined  to  North  h 

The  Mexican  AmlotU^f 

don  pisiiforme,  fig.  260)  is  » 
ind  attains  a  length  of  aboutaW     - 


native  of  the  M 


T  fourteen  inches.  It  possesses  both  pairs  of  limbs,  theinia* 
IKiir  having  four  toes,  and  the  hinder  pair  five  toes.  Ssffi^ 
narity  known  in  its  native  country,  the  Axolotl  is  certainlf 
perenni branchiate,  and  they  breed  in  this  condition  frflf 
There  is  no  doubt,  however,  that  individual' specimens  oV 
lose  their  gills,  without  thereby  suffering  any  appareot  cbaJp  I' 
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it  be  one  of  colour.  The  Axolotl,  therefore,  is  in  the 
r  position  of  being  sometimes  "  caducibranchiate," 
it  IS  ordinarily  "  perennibranchiate."  •     Nearly  allied 

Axolotl  is  the  Mmobran<hus  (fig.  257,  C)  of  North 
a,-in  which  the  branchiae  are  persistent.  Amphiuma 
7,  fi)  and  Matopoma,  as  already  remarked,  differ  from 
ms  just  mentioned  in  losing  the  gills  when  adult,  but  in 
ig  the  external  branchial  apertures  on  the  side  of  the 

The  former  is  exclusively  North  American,  whilst  the 
s  represented  by  different  but  nearly-related  species  in 
(forth  America  and  Java.  Both  possess  the  normal 
Its  of  limbs.  The  Javanese  species  {Mawpoma  maxima) 
'.  gill-slit  closed  in  the  adult.  It  is  about  three  feet  long, 
the  nearest  living  relative  of  the  extinct  Attdrias. 
le  second  section  of  the  Urodela,  comprising  those  forms 
ch  the  gills  are  caducous,  and  both  pairs  of  limbs  are 
present,  are  the  Water-salamanders  or  Tritons,  and  the 
alamanders.    The  Tritons  are  the  only  examples  of  the 


;  Salamanders  which  occur  in  Britain,  and  everj-  one, 
ly,  is  acquainted  with  the  common  Newt, 
Water-saJamanders  or  Newts  (fig.  261)  are  distinguished 

fcuor  Marsh  of  New  Haven  has  recently  shown  that  the  Siredoit 
'■a  ot  the  western  States  of  America,  when  kept  in  confinetnent, 
gills,  and  dorsal  and  caudal  fins,  whilst  it  changes  much  in  colour, 
ergoes  various  minor  modifications  in  structure.     Its  habits,  also, 


,  a  Salamandroid. 
t  doubt  upon  the  value  of  the  distinction  between  perennibranchiate 
adbranchiate  Amphibians,  and  has  rendered  it  probable  that  nil 
iei  of  Sindon  are  merely  larval  Salamanders,  as  long  ago  suspected 
er.  At  the  same  time,  the  Axolotls  certainly  breed  freely  whilst  in 
on  of  [heir  branching,  and  there  is  as  yet  no  proof  thai  they  lose 
111  whilst  in  a  sUte  of  nature.  It  is,  in  fact,  still  uncertain  whether 
pedet  of  .Swtnbff  are  merely  larval  stages  ci  AniMystema,  ot  whether 
AmNjitama  poucK  a  larval  Siredon-t\Agc. 
2  I 
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from  the  terrestrial  forms  by  being  furnished  with  a  compres- 
sed fish-like  tail,  and  by  being  strictly  oviparous.  The  lanx 
are  tadpole-like,  with  external  branchiae,  which  they  retain  till 
about  the  third  month.  The  adult  is  destitute  of  gills,  and 
breathes  by  lungs  alone,  but  the  larval  tail  is  retained  through- 
out the  life  of  the  animal.  The  tongue  is  small,  free,  suid 
pointed  behind,  and  there  are  two  rows  of  palatine  teeth.  The 
fore-feet  are  four-toed,  the  hind-feet  five-toied ;  and  the  males 
have  a  crest  on  the  back  and  tail. 

The  development  of  the  Newts  is  so  like  that  of  the  Frogs 
that  it  is  unnecessary  to  dilate  further  upon  it  here ;  but  there 
are  these  two  points  of  difference  to  be  noticed : — istly,  That 
the  embryonic  tail  is  not  cast  off  in  the  adult ;  and,  idiy,  That 
the  fore-limbs  appear  externally  sooner  than  the  hind-limbs— 
the  reverse  of  this  being  the  case  amongst  the  Anoura. 

The  Land-salamanders  form  the  genus  Salamandrc^  and  are 
distinguished  from  their  aquatic  brethren  by  having  a  cylindn- 
cal  instead  of  a  compressed  tail,  and  by  bringing  forth  their 
young  alive,  or  by  being  ovo-vivi parous,  in  which  case  th< 
larvae  have  sometimes  shed  their  external  branchiae  prior  to 
birth.  The  head  is  thick,  the  tongue  broad,  and  the  palatine 
teeth  in  two  long  series.  The  skin  is  warty,  with  many  glands 
secreting  a  watery  fluid.  The  best-known  species  is  the  .S 
maculosa  of  Southern  Europe.  Another  species  (5.  alpin^^ 
lives  upon  lofty  mountains.  The  chief  thing  to  remember 
about  the  Land-salamanders,  and,  indeed,  about  all  the  6V 
dela^  is  their  complete  distinctness  from  the  true  Lizards 
(Lacertilia).  They  are  often  completely  lizard -like  in  fonn 
when  adult,  but  they  always  possess  gills  in  the  earlier  stages 
of  their  existence,  and  this  distinguishes  them  from  all  the 
Lacertilians. 

Order  IIL  Anoura  {  =  Batrac/iiay  Huxley;  Therionrnf^ 
Owen  ;  C/ielatiobatrachia,  Batrachia  salientia^  &c) — This  (tfder 
includes  the  Frogs  and  Toads,  and  is  perhaps  best  designated 
by  the  name  of  Anoura^  or  "  Tail-less "  Amphibians.  The 
name  Batrachia^  employed  by  Huxley,  is  inexpedient,  partij 
because  it  is  used  by  Owen  to  designate  the  entire  class  A^r 
phibia,  and  partly  because,  in  common  language,  it  is  usual  to 
understand  by  a  "  Batrachian  "  any  of  the  higher  Amphibians 
— such,  for  instance,  as  a  Labyrinthodont 

The  Anoura^  or  Tail-less  Amphibians,  are  characterised^ 
the  following  points : — The  adult  is  destitute  of  bath  giUs  ^ 
tail,  both  of  which  structures  exist  in  the  larva^  whilst  the  /** 
pairs  of  limbs  are  ahvays  present,  77te  skin  is  softy  and  tktit 
are  rarely  any  traces  of  an  exoskeleton.      The  dorsal  vcrtttr^ 
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'preaeUus,"  or  ancave  in  front,  and  are  furnished  ■with 
transverse  processes,  which  take  tlu  place  of  ribs,  which 
niy  present  in  a  rudimentary  form.  The  radius  and  itlna 
X  Jere-limb,  and  the  tibia  and  fibula  in  the  hind-limb,  are 
loud  to  form  single  bones  (fig,  262).     The  mouth  is  seme- 
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edentulous,  but  tne  upper  jaw  has  tisually  small  teeth,  and 
V^  jaw  sometimes.  The  hind-limbs  usually  have  the  digits 
i  for  swimming,  and  are  generally  much  larger  and  longer 
'he fare-limbs.  The  vertebral  column  is  short  (of  ten  ver- 
in  the  Frogs,  but  only  eight  in  J^pa).  The  tongue  is  soft 
leshy,  not  supported  by  an  os  hyoides,  but  fixed  to  the 
iiysis  of  the  lower  jaw  in  front. 

the  adult  Anoura,  respiration  is  purely  aerial,  and  is  car- 
O  by  means  of  lungs,  which  are,  comparatively  speaking, 
levdoped.  As  there  are  no  movable  ribs  by  which  the 
»C  cavity  can  be  expanded,  the  process  of  respiration  is 
what  peculiar.  The  animal  first  closes  its  mouth,  and 
he  whole  buccal  cavity  with  air  taken  in  through  the 
Is.  The  posterior  nares  are  then  closed,  and  by  the  con- 
on  of  the  muscles  of  the  cheeks  and  pharynx  the  inspired 
■  forcibly  driven  into  the  windpipe  through  the  open 
I.  The  process,  in  fact,  is  one  of  swallowing ;  and  it  is 
Ue  to  suffiKate  a  frog  simply  by  holding  its  mouth  open, 
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and  thereby  preventing  the  performance  of  the  above-men- 
tioned actions.  There  can  be  no  doubt,  also,  that  the  skin  in 
these  animals  plays  a  very  important  part  in  the  aeration  of 
the  blood,  and  that  the  frogs  especially  can  carry  on  their 
respiration  cutaneously,  without  the  assistance  of  the  lungs, 
for  a  very  lengthened  period.  This  undoubted  fact,  however, 
should  not  lead  to  any  credence  being  given  to  the  often-re- 
peated stories  of  the  occurrence  of  frogs  and  toads  in  cavities 
in  solid  rock,  no  authenticated  instance  of  such  a  phenomenon 
being  as  yet  known  to  science. 

The  young  or  larvae  of  the  Frogs  and  Toads  are  &miliariy 
known  as  "  Tadpoles."  The  ova  of  the  Frog  are  deposited  in 
masses  in  water,  and  the  young  form,  upon  exclusion  from  the 
egg,  presents  itself  as  a  "  tailed  "  Amphibian,  completely  fisb- 
like  in  form,  with  a  broad  rounded  head,  a  sac-like  abdomen, 
and  a  compressed  swimming-tail  (fig.  263,  a).      Behind  the 
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\'i^.  263.  -Development  of  the  common  T  rog  {R  an  a  tfvt^orari a),  a  Tadpole  newd 
from  above,  showing  the  external  branchix  {g)  I  ^  Side  view  of  a  somewhat  oloff 
specimen.  <Jiowin^  tne  fish-like  tail ;  c  Older  specimen,  in  which  the  hind-lef»  k*** 
app>eared  ;  d  Specimen  in  which  all  the  limbs  are  present,  but  the  tail  has  not  I'''' 
wholly  absorbed.     (After  Bell.) 

mouth  are  placed  little  "  holders  "  or  organs  of  adhesion ;  ari 
the  upper  and  lower  jaws  acquire  homy  sheaths  and  con- 
stitute a  kind  of  beak.  There  are  at  first  two  sets  of  gills,  on* 
external  and  the  other  internal.  The  external  branchiae  (fi^ 
263,  a)  have  the  form  of  filaments  attached  to  the  side  oi^^ 
neck,  and  they  disappear  very  shortly  after  birth.  The  inttf* 
nal  branchiae  are  attached  to  cartilaginous  arches,  which  a*  /  ^ 
connected  with  the  hyoid  bone,  and  they  are  contained  in*  n^ 
gill-cavity,  protected  by  a  flap  of  integument,  which  di^  I*  ■' 
from  the  gill-cover  of  fishes  in  never  develbping  any  opercultf  f^ 
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s  or  branchiostegal  rays.  Within  the  branchial  chamber 
forroed  the  fore-limbs  are  budded  forth,  but  the  hind-limbs 
the  first  to  appear  externally,  instead  of  the  fore-limbs  as 
le  case  with  the  Urodela.  Even  after  the  first  appearance 
le  limbs,  the  tail  is  still  retained  as  an  instrument  of  pro- 
sion ;  but  as  the  limbs  become  fully  developed,  the  tail  is 
iually  absorbed  (fig.  263,  d)y  until  in  the  adult  it  has  wholly 
I^peared. 

"he  development  of  the  Frog  is  thus  a  good  illustration  of 
general  zoological  law  that  the  transient  embryonic  stages 
3C  higher  members  of  any  division  of  the  animal  kingdom 
often  represented  by  the  permanent  condition  of  the  lower 
abers  of  the  same  division.  Thus  the  transitory  condition 
ae  young  Frog  in  its  earliest  stage,  when  the  branchiae  are 
mal,  is  permanently  represented  by  the  adult  perenni- 
ichiate  Urodela,  such  as  the  Proteus  or  the  Siren.  The 
I  stage,  again,  when  the  gills  have  disappeared  and  the 
)s  have  been  developed,  but  the  tail  has  not  been  wholly 
nbed,  is  represented  by  the  caducibranchiate  Urodcla,  such 
he  common  Newt.  In  some  of  the  Tree-frogs,  however, 
t  appears  to  be  no  true  metamorphosis.  Thus  in  the  larvae 
^ylodes  the  branchiae  are  absent  or  evanescent,  the  anterior 
postei[ior  limbs  are  developed  contemporaneously,  and  the 
is  absorbed  within  the  first  day  after  emergence  from  the  egg. 
Tie  order  Anoura  comprises  a  considerable  number  of 
QS,  but  may  be  divided  into  the  three  principal  sections  of 
PipidiBy  Bufonida^  and  RanUa.  In  the  Pipida^  or  Surinam 
ulSy  there  are  rarely  teeth,  and  the  mouth  is  destitute  of  a 
gue.  A  singular  and  hideous  species  {Pipa  Atnericand)  is 
best  known,  and  it  inhabits  Brazil  and  Surinam.  In  this 
ious  Amphibian  the  eggs  are  placed  by  the  male  on  the 
ik  of  the  female,  in  the  soft  integument  of  which,  in  cell-like 
itics,  the  eggs  are  hatched  and  the  young  developed.  In 
;  aborant  form  Dactylethra  the  upper  jaw  is  furnished  with 
all  teeth,  and  the  three  inner  toes  of  the  hind-feet  are  fur- 
hed  with  nails,  as  is  the  case  with  no  other  Amphibian, 
>^t  Salamandra  unguiculata  amongst  the  Urodeia.  This 
rious  form  is  found  at  the  Cape  of  Good  Hope  and  in 
ozambique. 

Itt  the  Toads,  or  BufofiidcB^  a  tongue  is  present,  but  the 
*8  are  not  armed  with  teeth.  The  tongue  agrees  with  that 
^e  Frogs  in  being  fixed  to  ih^  front  of  the  mouth,  whilst  it 
^  behind^  so  that  it  can  be  protruded  for  some  distance 
"^  the  mouth.  In  one  Toad  only  {Rhinophrynus)  is  there  a 
Kuc  which  is  free  in  front    The  hind-limbs  are  not  dispio- 
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portionately  developed,  whilst  the  toes  are  only  imperfectly 
webbed,  and  the  toes  of  the  fore-limb  are  free.  The  skin  is 
warty  and  glandular.  The  common  Toad  {Bufg  Vidgini\  is 
an  excellent  example  of  this  family.  The  Natter-jack  TouJ  is 
the  only  other  British  species,  but  about  fifly  other  fonns  are 
known,  of  which  many  are  American. 

In  the  Hanida  the  tongue  has  the  same  fonD  as  in  Qk 
Toads,  but  the  upper  jaw  always  carries  teeth.  The  hind- 
limbs  are  much  larger  than  the  fore-limbs,  and  are  fitted  for 
leaping,  whilst  the  toes  are  webbed.  The  toes  of  the  fcra- 
limbs  are  free.  The  common  Frog  {Rana  temperaria)  is  » 
good  example  of  the  typical  Ranida.  This  familiar  specio 
(fig.  264)  is  found  over  nearly  the  whole  of  Europe,  Noith 
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Africa,  Northern  Asia,  ana  North  America,  It  hibeniattt 
passing  its  winter  sleep  buried  in  mud  at  the  bottom  of  powii 
Larger  than  the  common  Frog  is  the  Eatable  Frt^  (^* 
cscuUiild)  of  Europe,  and  larger  again  than  this  is  the  BuU-friJ 
{Raiia  pipiens)  of  North  America,  The  Tree-frogs  {H^) 
are  adapted  for  a  wholly  different  mode  of  life,  having  the '** 
of  all  the  feet  furnished  with  terminal  suckers,  by  the  hel| 
which  they  climb  with  ease.  They  are  mostly  found  in  * 
countries,  especially  in  America,  but  one  species  (Hj/Iaarii''')  L 
is  European. 

Order  IV,  Ladvrinthodontia.- — The  members  of  '^ 
the  last  order  of  the  Amphibia,  are  entirely  extinct  T^ 
were  Batrachians,  probably  most  nearly  allied  to  the  C"^ 
but  all  of  large  size,  and  some  of  gigantic  dimensions,  the  s** 
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species  {Labyrinihodon  Jagert)  being  upwards  of  three 
length  and  two  feet  in  breadth.  The  Labyrinthodonts 
St  known  to  science  simply  by  their  footprints,  which 
mnd  in  certain  sandstones  of  the  age  of  the  Trias, 
footprints  consisted  of  a  series  of  alternate  pairs  of 
taped  impressions,  the  hinder  print  of  each  pair  being 
arger  than  the  one  in  front  (fig.  265).     So  like  were 


Fig.  365. — Footprints  of  a  Labyrinthodont  i^Cfuirotkerium), 

opressions  to  the  shape  of  the  human  hand,  that  the 
Ti  animal  which  produced  them  was  at  once  christened 
herium^  or  "Hand-beast."  Further  discoveries,  how- 
X)n  showed  that  the  footprints  of  Cheirotlurium  had 
roduced  by  different  species  of  Batrachians,  to  which 
ie  of  Labyrinthodonts  was  applied,  in  consequence  of 
iplex  microscopic  structure  of  the  teeth. 
Labyrinthodonts  were  "  salamandriform,  with  relatively 
mbs  and  a  long  tail "  (Huxley).  The  vertebral  centra 
hes  were  ossified,  and  the  bodies  of  the  dorsal  vertebrae 
mcave  (amphicoelous).  "  In  the  thoracic  region  three 
:ially  sculptured  exoskeletal  plates,  one  median  and  two 
occupy  the  place  of  the  interclavicle  and  clavicles. 
Q  these  and  the  pelvis  is  a  peculiar  armour,  formed 
1  of  oval  dermal  plates,  which  lie  on  each  side  of  the 
line  of  the  abdomen,  and  are  directed  obliquely  for- 
.nd  inwards  to  meet  in  that  line"  (Huxley), 
head  was  defended  by  an  external  covering  or  helmet 
and  polished  osseous  plates,  sculptured  on  their  exter- 
ace,  and  often  exhibiting  peculiar,  smooth,  symmetrical 
1 — the  so-called  "  mucous  canals."  The  skull  (fig.  267) 
iculated  to  the  vertebral  column  by  two  occipital  con- 
Thc  teeth  i^g.  266)  are  rendered  complex  by  numer- 
lings  of  their  parietes,  giving  rise  to  the  "  labyrinthine  " 
,  from  which  the  name  of  the  order  is  derived, 
e  appear  usually  to  have  been  both  pairs  of  limbs  de- 
1,  but  some  forms  which  have  been  referred  here  (such 
\derpdon)  possessed  a  serpentiform  body,  and  seem  to 
een  apodal  Little  is  known,  necessarily,  of  their  de- 
ent,  but  the  singular  genus  Archegosaurus  possessed 
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permanent  branchial  arches,  and  was,  therefore,  apparendy 
perennl branchiate  (if  not  truly  a.  larval  form),  wbUst  its  noto- 


chord  was  persistent,  and  simply  had  rings  of  osseous  matio 
deposited  in  it. 

As  to  their  distribution  in  time,  the  Labyrinthodonls  rangt 
from  tlie  Carboniferous  to  the  Trias,  inclusive,  being  n»si 
numerous  in  the  foimer  period,  but  attaining  their  maximum 
in  point  of  size  in  the  latter. 

Distribution  of  Amphibia  in  Time. — From  a  geological 
])oint  of  view,  by  far  the  most  important  of  the  Amjihibia  we 
the  Labyrinthodontia,  the  distribution  of  which  has  just  bw 
spoken  of.  The  living  orders  al  Amphibia  are  of  much  more 
modem  date,  being,  with  the  exception  of  some  not  wholly 
certain  Urodelans,  wholly  Tertiary  and  Post-tertiaiy-  1^ 
Anoura  are  represented  by  both  Toads  and  Frogs  in  MiocW 
times,  and  they  have  survived  to  the  present  day.  Tl* 
■'Tailed"  Amphibians  are  best  known  to  geologists  by  a  sin- 
gular fossil,  which  was  described  by  its  original  discoverer  U 
human,  under  the  name  of  Homo  diluvii  testis.  The  fossil  ia 
question  is  of  Miocene  age,  and  it  is  now  known  to  belong  W 
a  Salamander,  nearly  allied  to  the  giant  salamander  of  J3« 
{Menapomd). 

Geinitz  has  given  the  name  of  Paleeosiren  to  a  fossil  -w 
phibian  from  the  Permian,  which  he  believes  to  be  referable  W 
the  Urodeta.    Gaudry,  under  the  title  of  Satamandnlla,  \» 
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o  described  certain  tailed  Amphibians  from  the  Permian, 
lich  he  believes  to  be  true  Salamandroids  and  not  Labyrin- 
^donts.  The  same  palaeontologist  also  suggests  that  the 
irboniferous  genera  Raniceps  and  Apateon^  instead  of  being 
ibyrinthodonts,  are  really  referable  to  the  Urodela,  Lastly, 
)  remains  of  Csecilians  have  as  yet  been  detected  in  a  fossil 
'ndition. 
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CHAPTER  LX. 

CLASS  IIL—REPTILIA. 

The  second  great  division  of  the  Vertebrate  sub-kingdom 
cording  to  Huxley,  is  that  of  the  Sauropsida^  compiisiii( 
true  Reptiles  and  the  Birds.  It  is,  no  doubt,  at  first  sigl] 
almost  incredible  thing  that  there  should  be  any  near  boi 
relationship  between  the  Birds  and  the  Reptiles,  no  two  d 
of  animals  being  more  unlike  one  another  in  habits  and  c 
nal  appearance.  It  is,  nevertheless,  the  fact  that  the  ] 
are  more  nearly  related  to  the  Reptiles  than  to  any  other 
of  the  Vertebrata^  and  it  will  shortly  be  seen  that  many  3 
ties  and  even  transitional  forms  are  known  to  exist  bet 
these  great  sections.  The  Reptiles  and  Birds,  then,  m* 
naturally  included  in  a  single  primary  section  of  Vertebi 
which  m.ay  be  called  Sauropsida  after  Huxley,  and  whi< 
defined  by  the  possession  of  the  following  characters : — I 
period  of  existence  are  branchiae,  or  water-breathing  respir 
organs,  developed  upon  the  visceral  arches ;  the  embr 
furnished  with  a  well-developed  amnion  and  allantois*;  th* 
corpuscles  of  the  blood  are  nucleated  (fig.  228,  b^  c)\  the 
articulates  with  the  vertebral  column  by  means  of  a  s 
articulating  surface  or  condyle  ;  and  each  half  or  "  ramiii 
the  lower  jaw  is  composed  of  several  pieces,  and  articu 
with  the  skull,  not  directly,  but  by  the  intervention  of  a  j 
liar  bone,  called  the  "  quadrate  bone/'  or  "  os  quadrat 
(fig.  268). 

These  being  the  common  characters  of  Reptiles  and  B 
by  which  they  are  collectively  distinguished  from  other  Vi 
brates,  it  remains  to  inquire  what  are  the  characters  by  »'i 
they  are  distinguished  from  one  another.  The  following,  tl 
are  the  characters  which  separate  the  Reptiles  from  the  Bii 
— The  blood  in  Reptiles  is  cold — that  is  to  say,  slightly  wan 
than  the  external  medium — owing  mainly  to  the  fact  that 
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pulmonary  and  systemic  circulations  are  always  directly  con- 
nected together,  either  within  the  heart  or  in  its  immediate 
Deighbourhoody  so  that  the  body  is  supplied  with  a  mixture  of 
i^enous  and  arterial  blood,  in  place  of  pure  arterial  blood  alone. 
The  terminations  of  the  bronchi  at  the  surface  of  the  lung  are 
dosed,  and  do  not  communicate  with  air-sacs,  placed  in  dif- 
Tcrent  parts  of  the  body.  When  the  epidermis  develops  homy 
structures,  these  are  in  the  forni  of  homy  plates  or  scales,  and 
lever  in  the  form  of  feathers.  The  fore-limbs  are  formed  for 
'arious  purposes,  including  in  some  cases  even  flight,  but  they 
ire  never  constructed  upon  the  type  of  the  "  wing  "  of  Birds. 
Lastly,  with  one  or  two  doubtful  exceptions,  whilst  the  ankle- 
oint  is  placed  between  the  distal  and  proximal  portions  of  the 
arsus,  the  tarsal  and  metatarsal  bones  of  the  hind-limb  are 
lever  anchylosed  into  a  single  bone. 

These  are  the  leading  characters  by  which  Reptiles  are  dis- 
ioguished  from  Birds,  but  we  must  not  forget  the  other  dis- 
iDCtive  peculiarities  in  which  Reptiles  agree  with  Birds,  and 
liffer  from  other  Vertebrates  —  namely,  the  presence  of  an 
mnion  and  allantois  in  the  embryo,  the  absence  of  branchiae 
t  all  times  of  life,  the  possession  of  only  one  occipital  condyle, 
nd  the  articulation  of  the  complex  lower  jaw  with  the  skull 
\j  means  of  a  quadrate  bone. 

It  is  now  necessary  to  consider  these  characteristics  of  the 
liMilia  a  little  more  minutely.  The  class  includes  the  Tor- 
nses  and  Turtles,  the  Snakes,  the  Lizards,  the  Crocodiles,  and 
.  number  of  extinct  forms ;  and,  with  the  exception  of  the  Tor- 
oises  and  Turtles,  they  are  mostly  of  an  elongated  cylindrical 
hape,  provided  posteriorly  with  a  long  tail.  The  limbs  may 
«  altogether  absent,  as  in  the  Snakes,  or  quite  rudimentary, 
s  in  some  of  the  Lizards ;  but,  as  a  general  nile,  both  pairs  of 
mbs  are  present,  sometimes  in  the  form  of  ambulatory  legs, 
Dmetimes  as  swimming-paddles,  and  in  some  extinct  forms 
lodified  to  subserve  an  aerial  life.  The  endoskeleton  is 
Iwajs  well  ossified,  and  is  never  cartilaginous  or  semi-carti- 
tginous,  as  in  many  fishes  and  some  Amphibians.  The  skull 
rticulates  with  the  atlas  by  a  single  condyle.  The  lower  jaw 
\  complex,  each  half  or  ramus  being  composed  of  from  four  to 
ix  pieces,  united  to  one  another  by  sutures  (fig.  268).  In  the 
Toitoises,  however,  these  are  anchylosed  into  a  single  piece, 
ndthe  two  rami  are  also  anchylosed.  In  most  reptiles,  how- 
nrcr,  the  two  rami  of  the  lower  jaw  are  only  loosely  united — 
■*  the  Snakes  by  ligaments  and  muscles  only,  in  the  Lizards 
Iff  fibro-cartilage,  and  in  the  Crocodilia  by  a  regular  suture. 
^  aD,  the  lower  jaw  articulates  with  the  skull  by  a  quadrate 
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bone  (fig.  268,  a)  ;  and  as  this  often  projects  backwards,  the 
opening  of  the  mouth  is  often  very  extensive,  and  may  even 
extend  beyond  the  base  of  the  skull.  Teeth  are  usually  pres- 
ent, but  arc  not  sunk  in  separate  sockets  or  alveoli,  except  in 
the  Crocodiles,  and  in  some  extinct  forms.  In  the  Toitoises 
and  Turtles  alone  of  living  types  there  are  no  teeth,  and  the 
jaws  are  simply  sheathed  in  horn,  constituting  a  kind  of  beak 
like  that  of  a  bird. 
As  regards  the  exoskeleton,  most  Reptiles  have  homy  cpi- 


Fig.  268.— Skull  of  a  Serpent  [Python),    h  Articular  portion  of  the  kwer  jaw; 
a  Quadrate  bone  ;  c  Squamosal  portion  of  the  temporal  booe. 

dermic  scales,  and  they  are  divided  into  tiev'o  great  sections- 
called  respectively  Squamata  and  Loricata — ^according  as  the 
integumentary  skeleton  consists  simply  of  these  scales,  or  that 
are  osseous  plates  developed  in  the  derma  as  well.  In  the 
Tortoises,  the  epidermic  plates  unite  with  the  bony  exoskeleton 
and  with  the  true  endoskeleton  to  form  the  case  or  box  a 
which  the  body  of  these  animals  is  enclosed. 

The  digestive  system  of  the  Rcptilia  possesses  few  charactcB 
of  any  special  importance,  except  that  the  rectum  opens,  u 
in  Amphibia^  into  a  common  cavity  or  "  cloaca,"  which  not 
only  receives  the  faeces,  but  also  serves  for  the  discharge  of 
the  products  of  the  urinary  and  generative  organs. 

The  fieart  in  the  Reptiles  consists  of  two  completely  sepaiatc 
auricles,  and  a  ventricular  cavity,  which  is  divided  into  two  bf 
an  incomplete  partition.  In  the  Crocodilia  alone  is  the  sepO* 
between  the  ventricles  a  perfect  one;  and  even  in  these, asm 
all  other  Reptiles,  the  heart  consists  functionally  of  no  nioie 
than  three  chambers.  The  ordinary  course  of  the  drculatwfli 
where  the  ventricular  septum  is  imperfect,  is  as  follows:— The 
impure  venous  blood  returned  from  the  body  is,  of  couis^. 
poured  by  the  venae  cavae  into  the  right  auricle  (fig.  269,  a\  anfl 
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ence  into  the  ventricle.     The  pure  arterialised  and  aerated 

ood  that  has  passed  through  the  lungs,  is,  equally  of  course, 

mred  into  the  left  auricle  {a'), 

id  thence  propelled  into  the 

sitricle  (z').    As  the  ventricular 

Lvity  is  single,  and  not  divided 

f  a  complete  partition,  it  fol- 

ms  of  necessity  that  there  is  a 

fixture  in  the  ventricle,  result- 

)g  in  the  production  of  a  mixed 

uid,  consisting  partly  of  venous 

nd   partly  of   arterial    blood. 

iliis  mixed  fluid,  then,  occupies 

he  common  ventricular  cavity, 

nd  by  this  it  is  driven  both  to 

he  lungs  (through  the  pulmonary 

irtcry),  and  to  the  body  (through 

he  systemic    aorta).      Conse- 

[uently,  in  Reptiles,  both  the 

UDgs  and  the  various  tissues  and 

ttjgans  of  the  body  are  supplied 

rith  a  mixture  of  arterial  and 

'enous  blood,  and  not  with  un- 

nixcd    blood — the   lungs  with 

nirely  venous,  and  the  body  with 


"a 


the  circulation  in 
iptiies.  (The  venc 
hght,  the  arterial  system  Is  black,  and 
the  vessels  containing  mixed  blood  are 
cross-shaded.)  a  Right  auricle,  receiv- 
ing venous  blood  from  the  body;  a' 
Left  auricle,  receiving  arterial  blood 
from  the  lun^s  ;  v  Arterio-venous  ven- 
tricle, containing  mixed  blood,  which 
is  driven  by  (/)  the  pulmonary  artery 
to  the  lungs,  and  by  (p)  the  aorta  tu 
the  body. 


wrdy  arterial  blood— as  is  the  p.    ,5^._d.        ^f 

ase  with  the  higher   Vertebrata.        Rej)tile8.    (The  venous  system  is  left 

n  the  Crocodilia,  as  before  said, 
he  partition  between  the  ventri- 
les  is  a  complete  one,  and  con- 
equently  this  mixture  of  the 
rterial  and  venous  blood  can- 
ot  take  place  within  the  heart 
selfl  In  these  Reptiles,  how- 
trcr,  a  direct  communication  exists  between  the  pulmonary 
!tcry  and  aorta  (the  right  and  left  aortae)  by  the  so-called 
foramen  Panizzae,'*  close  to  the  point  where  these  vessels 
*ing  respectively  from  the  right  and  left  ventricle.  In  these 
.cptileSy  therefore,  the  same  mixture  of  arterial  blood  with 
snous  takes  place  as  in  the  lower  Reptilia^  though  probably 
^  to  so  complete  an  extent.  It  is  this  peculiarity  of  the 
Kxnlation  in  all  Reptiles  which  conditions  their  low  tempera- 
xt,  slow  respiration,  and  generally  sluggish  vital  actions. 
*rhe  lungs  in  all  Reptiles,  except  the  Crocodiles,  are  less 
inpletely  cellular  than  in  the  Birds  and  Mammals,  and  they 
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often  attain  a  very  great  size.  In  no  Reptile  is  the  cavity  of 
the  thorax  shut  off  from  that  of  the  abdomen  by  a  complete 
muscular  partition  or  '*  diaphragm ; "  though  traces  of  this 
structure  are  found  in  the  Crocodiles.  The  lungs,  thetefore^ 
often  extend  along  the  whole  length  of  the  thoracico-abdominal 
cavity.  In  no  case  are  the  lungs  connected  with  air-receptades 
situated  in  different  parts  of  the  body;  and  not  uncommonly 
there  is  only  a  single  active  lung,  the  other  being  rudimentaiy 
or  completely  atrophied  (OpAidia), 

Lastly,  all  Reptiles  are  essentially  oviparous,  but  in  some 
cases  the  eggs  are  retained  within  the  body  till  the  3roung  are 
ready  to  be  excluded,  and  the  animals  are  then  ovo-viviparons. 
The  egg-shell  is  usually  parchment-like,  but  sometimes  contains 
more  or  less  calcareous  matter. 


CHAPTER    LXL 


DIVISIONS    OF    REPTILES, 


Chelonia  and  Ophidia. 

The  class  Reptilia  is  divided  into  the  following  ten  orders, 
of  which  the  first  four  are  represented  by  living  forms,  whilst 
the  remaining  six  are  extinct : — 

1.  Chelonia  (Tortoises  and  Turtles).  ^ 

2.  ophidia  (Sr^^kts)  (.j^^j„^ 

3.  Lacertilta  (Lizards).  j 

4.  Crocodilia  (Crocodiles  and  Alligators). ) 

5.  Ichihyopterygia, 

6.  Sauropterygia. 

7.  Anomodontia, 

8.  Pterosaiiria, 

9.  Deinosauria, 
10.  Theriodontia, 


Extinct 


■ 

Order  I.  Chelonia. — The  first  order  of  living  ReptiieJ 
that  of  the  Chelofiiay  comprising  the  Tortoises  and  Turtles, >» 
distinguished  by  the  following  characters: — There  is  an  sssif^ 
exoskcUton  which  is  combined  with  the  endoskeleton  to  ff^^ 
kifid  of  bony  case  or  box  in  which  the  body  of  the  ani^ " 
enclosed^  and  zuhich  is  cai^ered  by  a  leathery  skiH,^j^\ 
usiialiyy  by  horny  epidertnic  plates.     The  dorsal  vertirx^  ^ 
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^hn  of  the  firsts  are  immovably  connected  together, 
iiwrid  of  transverse  processes.  The  ribs  are  greatly 
[fig.  271,  rX  and  are  united  to  one  another  by  sutures, 
^  wails  of  the  thoracic  camty  are  immovable.  All 
fthe  skull  except  the  lower  Jaw  and  the  hyoid  bone  are 
f  united  together.  There  are  no  teeth,  and  the  jaws  are 
\  horn  so  as  to  form  a  kind  of  beak.  The  tongue  is 
fleshy.  The  Jieart  is  three-chambered,  the  ventricular 
ing  imperfect.  There  is  a  large  urinary  bladder, 
mal  aperture  is  longitudinal  or  circular.  The  lungs 
linous,  and  respiration  is  by  swallowing  air,  as  in  the 
Ul  will  pass  prolonged  periods  without  food,  and 
.nd  move,  even  for  months,  after  the  removal  of  the 
in  (Redi). 

e  characters  of  the  Chelonia^  the  most  important  and 
e  are  the  nature  of  the  jaws,  and  the  structure  of  the 
on  and  skeleton.  As  regards  the  first  of  these  points, 
jaw  in  the  adult  appears  to  consist  of  a  single  piece, 
2X  character  being  masked  by  anchylosis.  The  sepa- 
ls which  really  compose  each  ramus  of  the  jaw  are 
ly  anchylosed  together,  and  the  two  rami  are  also 

fix)nt  by  a  true  bony  union.  There  are  also  no 
1  the  edges  of  the  jaws  are  simply  sheathed  in  horn, 
ng  a  sharp  beak.  In  the  Chelydidce  and  Trionycidce, 
the  homy  jaws  are  covered  with  soft  skin,  constituting 
lips.  As  regards  the  second  of  these  points,  the  bony 
rhich  the  body  of  a  Chelonian  is  enclosed  consists 
f  of  two  pieces,  a  superior  or  dorsal  piece,  generally 
ailed  the  "carapace,"  and  an  inferior  or  ventral  piece, 
flat  or  concave,  called  the  "plastron."  The  carapace 
ron  are  firmly  united  along  their  edges,  but  are  so 
I  in  front  and  behind  as  to  leave  apertures  for  the 
,  and  fore  and  hind  limbs.  The  limbs  and  tail  can 
vays  be  withdrawn  at  will  under  the  shelter  of  the 
abdominal  case  formed  in  this  way  by  the  carapace 
ron,  and  the  head  is  also  generally  retractile, 
rapace  or  dorsal  shield  (fig.  270)  is  composed  of  the 
elements : — 

spinous  processes  of  the  dorsal  vertebrce^  which  are 
tened  out  laterally  and  form  a  series  of  broad  plates, 
eight  in  number,  and  are  termed  the  "  neural  plates  " 
The  ribs  (r  r)  are  united  with  broad  and  flattened 
bone  (^  ?),  which  are  connected  with  one  another 
suturesy  and  are  known  as  the  "  costal  plates."  In 
s,  however,  the  costal  plates,  instead  of  being  united 
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by  the  whole  of  their  lateral  tnaigins,  leave  maiginal  apertures 
towards  their  extremities,  and  these  openinp  are  simply 
covered  by  a  leathery  skin  or  by  homy  plates.  3.  The  mar- 
gin of  the  carapace  is  comi^eted  by  a  series  oi  bony  plates, 
which  are  called  the  '* marginal  plates"  (fig.  270,  i»ot).  These 


Fig.  370. — Transverse  section  of  the  skeleton  of  Chelone  midas  in  the  donal  re^ioii' 
c  Body  of  one  of  the  dorsal  vertebrae  ;  n  Expanded  spinous  process  or  "  neural  plate 
of  the  same;  r  r  Ribs ;  ^ ^  " Costal  plates ;"  mt  «r  Mai^nal  plates ;// Lauw 
elements  of  the  plastron.    (After  Huxley.) 

are  variously  regarded  as  being  dermal  bones  belonging  to  the 
exoskeleton,  or  as  being  endoskeletal,  and  as  representing  the 
ossified  cartilages  of  the  ribs  (in  this  last  case  the  marginal 
plates  would  correspond  with  what  are  known  as  the  "  sternal 
ribs  "  of  Birds). 

The  "  plastron  "  or  ventral  shield  is  composed  of  a  number 
of  bony  plates  (nine  in  number),  the  nature  of  which  is  doubt- 
ful. By  some,  the  plastron  is  regarded  as  a  greatly-developed 
breast-bone  or  sternum.  By  others,  again,  the  Cfidorm  arc 
regarded  as  being  wholly  without  a  sternum,  and  the  bones 
of  the  plastron  are  looked  upon  as  exclusively  integumentary 
ossifications.  Of  the  nine  pieces  of  the  plastron,  eight  are  in 
pairs,  whilst  the  ninth  is  odd,  and  is  placed  between  the  four 
anterior  ones.  Both  the  carapace  and  the  plastron  are  covered 
by  a  leathery  skin,  or  more  generally  by  a  series  of  homy 
plates  (fig.  272),  which  roughly  correspond  with  the  bony 
plates  below,  and  which  constitute  in  some  species  the** tor* 
toise-sheir*  of  commerce.  These  epidermic  plates,  howevtf, 
must  on  no  account  be  confounded  with  the  true  bony  box  in 
which  the  animal  is  enclosed,  and  which  is  produced  partly  bf 
the  true  endoskeleton  and  partly  by  dermal  integumentaiy 
ossifications.  The  epidermic  plates  in  no  way  correspond  Ib 
number  with  the  bony  plates  which  they  cover.  They  consist 
of  a  central  row  of  five  **  neural "  plates  flanked  on  each  side  ; 
by  a  row  of  four  "  costal "  plates,  the  whole  surrounded  by 
twenty-four  or  twenty-five  small  "  marginal "  plates. 
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The  other  points  of  impoitance  as  regards  the  endoskeleton 
lie  these: — 

Brstfy,  The  dorsal  vertebne  are  immovably  joined  together, 
iDd  have  no  transverse  processes,  the  heads  of  the  ribs  uniting 
directly  with  the  bodies  of  the  vertebrae, 

SeamtSy,  The  scapular  and  pelvic  arches,  supporting  the 
■fore  and  hind  limbs  respectively  (fig.  27 1,  i  and/),  are  placed 


I>>iad  wilbin  ihr 


^,- ,  ./i  Enrofiaa),  the  plaaLTon  being  reDiovtd.    m 

^  cjcpoiidea,  and  unLUd  by  their  tdcci:  j  Scapular  arch, 
mpBcc,  and  carrying  ihe  forc-lirnbi ;  f  Pelvic  arch,  aiv*  placed 


^H/tin  the  carapace,  so  that  the  scapular  arch  is  thus  inside 
iie  ribs,  instead  of  being  outside,  as  it  normally  is.  The 
■capillar  arch  consists  of  the  shoulder-blade  or  scapula,  and 
^0  other  bones,  of  which  one  corresponds  with  the  acromion 
^ocess  of  human  anatomy,  and  the  other  to  the  coracoid  pro- 
*»i,  or  to  the  "coracoid  bone,"  of  the  Birds.    The  clavicles, 

*  is  also  the  case  with  the  Crocodilia,  are  absenL 

Tbt  Older  ChdmU  ii  conveniently  divided  into  three  sections,  according 

*  tht  limbs  are  natatoiy,  amphibious,  or  tenestrial.     In  the  fini  of  tbcM, 
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(he  timbs  are  converted  into  most  efficient  switnming-paddlei,  ill  the  loo 
being  united  by  a  common  covering  of  integuracDL  In  tUi  Kctiooui 
the  well-known  Turtles  (Chtioitiidir),  all  of  which  iwim  with  gnM  «« 
and  power,  but  ate  comparatively  helpless  upon  the  land  (Gg.  X]l\  Tit 
legs  are  of  unequal  length,  and  the  carapace  is  mnch  deprened  ud  Bit 
tened.  TTie  best-known  species  are  tbe  "  edible  "  or  Green  Tnrtle<CW«( 
mu^),  the  Loggerhead  Turtle  (Chdone  caimatma),  the  HaiA's-bill  Tirtlt 
(C.  imbricate),  and  (he  Leathery  Turtle  (Spharpi  Mriaeta).    The  Own 


Tun]e(C<tr&v 


■n/a)-iif)a  BdL 


Turtle  a  largely  imported  into  this  country  as  a  delicacy,  and  occurs  ibn 
danlly  in  various  parts  of  the  Atlantic  and  Inilinn  Oceans.  The  Hiwk'^ 
bill  Turtle  is  of  even  greater  commercial  importance,  as  the  homy  tp 
dermic  plates  of  the  carapace  constitute  the  "tortoise-shell"  so  lut4 
used  for  ornamental  purposes.  The  Leathery  Turtle  is  remariubk  ■■ 
'  iving  the  carapace  covered  with  a  leathery  skin  in  place  of  the  homy  pbn 


the  Terrapins  {Emydida).     In  the   Trimycidit  the  developmea(  of 
carapace  is  imperfect,  (be  ribs  being  expanded  and  united  to  one  not 
only  near  their  bases,  and  leaving  apertures  near  their  extremities.   ^ 
entire  carapace  is  covered  by  a  smooth  leathery  skin,  and  the  homyj"* 
arc  furnished  with  fleshy  lips.     AH  (he  Trimycida  inhabit  fresh  ■mXS'^ 
are  carnivorous  in  iheir  habits.     Good  examples  are  found  in  ibeS* 
shelled  Turtle  {Trionyx fcrex),  and  the  large  and  fierce  Snapping Trf 
{Chtlydra  serpentina)  of  the  Unite<l  Stales  ;  but  other  species  are  ftoiJ  * 
Egypt  and  the  East  Indies,      The  Terrapins  {Emys)  have  a  horayb** 
and  have  the  shield  covered  wilh  epidermic  plates.     They  are  inhlliW 
of  fresh  water,  and  are  most  of  them  natives  of  America. 

The  third  section  of  the  Chihnia  comprises  only  the  Land  To«i** 
fj'tttudinidtc),  in  which  the  limbs  are  adapted  for  terrestrial  prop(»** 
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feet  are  furnished  with  short  nails.  The  carapace  is  strongly  con*- 
is  covered  by  homy  epidermic  plates  ;  the  head,  limbs,  and  tail 
completely  retracted  within  the  carapace.  Though  capable  of 
1^  the  Tortoises  are  really  terrestrial  animals,  and  are  strictly 
e  feeders.  The  most  familiar  species  is  the  Testudo  Graca,  which 
nous  in  Spain,  Italy,  and  Greece.  A  much  larger  species  is  the 
I  Indian  Tortoise  ( Testudo  Indica\  which  inhabits  the  Seychelles 
ipagos  Islands,  and  attains  a  length  of  over  three  feet. 

•RiBunoN  OF  Chelonia  in  Time. — The  earliest-known 
>f  Chelonians  occur  in  the  Permian  rocks,  in  the  lower 
,  that  is,  of  the  New  Red  Sandstone  of  older  geologists. 
traces,  however,  are  not  wholly  satisfactory,  since  they 
solely  of  the  footprints  of  the  animal  upon  the  ripple- 

I  surfaces  of  the  sandstone.  Of  this  nature  is  the 
mu  Duncaniy  described  by  Sir  William  Jardine  in  his 

II  work  on  the  *  Ichnology '  of  Annandale  in  Dumfries- 
The  earliest  unequivocal  remains  of  Cheloniida  are  in 

litic  rocks  (the  Chelone  planiceps  of  the  Portland  Stone). 
CManiida,  Emydida^  and  Trionycida  occur,  also,  from 
par  Oolites  to  the  present  day,  the  Eocene  period  being 
ftf  rich  in  their  remains.  In  the  Tertiary  deposits  of 
[^walik  Hills)  there  occurs  a  gigantic  fossil  Tortoise 
Cdassochelys  Atlas — which  is  believed  to  have  been 
n  to  twenty  feet  in  length,  and  to  have  possibly  sur^ 
o  within  the  human  period. 

•ER  II.  Ophidia. — ^The  second  order  of  Reptiles  is  that 
Ophidia^  comprising  the  Snakes  and  Serpents,  and  dis- 
hed by  the  following  characters  : — 

body  is  always  more  or  Uss  elongated,  cylindrical^  and 
^ikiy  and  whilst  possessing  a  covering  of  horny  scales ,  is 

unprovided  with  a  bony  exoskeleton.  The  dorsal  ver- 
Ti  concave  in  front  {proccslous),  with  rudimentary  trans* 
processes.  There  is  never  any  sternum,  nor  pectoral  arch^ 
e4imbs,  nor  sacrum,  and  as  a  rule  there  are  no  traces  of 
mbs.  Rudimentary  hind-limbs,  however,  are  occasionally 
t  (e,g,y  in  Python  and  Tortrix).  There  are  always 
ms  ribs.  Tlte  two  halves  or  rami  of  the  lower  jaw  are 
td  of  several  pieces,  and  the  rami  are  united  anteriorly  by 
its  and  muscles  only,  and  not  by  cartilage  or  suture.  The 
jaw  further  articulates  with  the  skull  by  means  of  a 
ite  bone  (fig.  268,  a),  which  is  always  more  or  less 
»le,  and  is  in  turn  urtited  with  the  squamous  portion  of 
nporal  bone  ("  mastoid  bone "),  which  is  also  movable, 
not  firmly  united  with  the  skull.  The  superior  maxillse 
ited  with  the  praemaxillse  by  ligaments  and  muscles  only, 
le  palatine  arches. are  movable  and  armed  with  pointed 
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recurved  teeth.  Hooked  conical  teeth  are  always  fr< 
they  are  never  lodged  in  distinct  sockets  or  cUveolL  Fui 
they  are  capable  of  performing  nothing  more  than  mei 
ing  the  prey  fast,  and  the  SnaJkes  are  provided  with  n< 
masticatory  apparatus.  The  heart  has  three  cham 
auricles  and  a  ventricle,  the  latter  imperfectly  divided 
cavities  by  an  incomplete  septum.  The  lungs  and  oih 
organs  are  mostly  not  bilcUercUly  symmetrical,  one  of . 
being  either  rudimentary  or  absent.  There  is  no  urinar 
and  tlie  cloacal  aperture  is  transverse. 

Of  these  characters  of  the  snakes,  the  most  ob^ 
striking  are  to  be  found  in  the  nature  of  the  organs  o 
tion.  The  front  limbs,  with  the  scapular  arch  and  ste 
invariably  altogether  absent ;  and  the  hind-limbs,  if  n 
wanting,  are  never  represented  by  more  than  an  in 
developed  series  of  bones  concealed  within  the  m 
each  side  of  the  anal  aperture,  and  never  exhibiting 
ward  evidence  of  their  existence  beyond  the  occasional 
of  short  homy  claws  or  spurs  (**  calcaria  ").  In  the 
sence,  then,  or  rudimentary  condition  of  the  limbs,  tl 
progress  by  means  of  the  ribs.  These  bones  are  a 
tremely  numerous  (sometimes  amounting  to  more  tl 
hundred  pairs),  and  in  the  absence  of  a  sternum,  th 
course,  extremely  movable.  Their  free  extremities,  i 
simply  terminated  by  tapering  cartilages,  which  are 
by  muscular  connections  to  the  abdominal  scales  o: 
of  the  integument.  By  means  of  this  arrangement 
pents  are  enabled  to  progress  rapidly,  walking,  so 
upon  the  ends  of  their  ribs  ;  their  movements  being  ra 
tated  by  the  extreme  mobility  of  the  whole  vertebra 
conditioned  by  the  cup-and-ball  articulation  of  the 
the  vertebrae  with  one  another. 

The  body  in  the  Snakes  is  covered  with  numero 
developed  in  the  dermis,  and  covered  by  a  thin,  tr 
superficial  epidermic  pellicle,  which  is  periodically  a 
renewed.  Usually  the  scales  are  flat  and  overlap  on< 
but  sometimes  they  are  tubercular  and  do  not  ove 
the  head  and  along  the  abdomen  these  scales  are  I 
over  the  rest  of  the  body,  and  they  constitute  what  s 
as  the  "  scuta  "  or  shields. 

The  only  other  points  in  the  anatomy  of  the  Oph 
demand  special  attention  are  the  structure  of  the  toD| 
and  eye. 

The  tongue  in  the  Snakes  is  probably  an  orgar 
touch  than  of  taste.     It  consists  of  two  muscular 
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'ted  towards  their  bases,  but  free  towards  their  extremities. 
C  bifid  Oi^n,  thus  constituted,  can  be  protruded  and  re- 


(Cnrfrt/M  honiduiy 


:ted  at  will,  being  in  constant  vibration  when  protruded, 
I  being  in  great  part  concealed  by  a  sheath  when  retracted. 
\»  regards  the  eye  of  Serpents  (fig.    274,  A,)  the  chief 


r  I7«.— A,  Diigiwn  oT  the  eye  of  a  Serpen!  (after  Cloquet) :  a  Ball  of  ilic  fvf 

'Ovde  nem::  i^AnlocDlar  membrane,  formei]  bv  Ihe  enidermii :  rt  RineoTtcalci 
■mvonding  the  eye.  B,  Fead  of  Ihe  common  Viper  (/'r/iat  #rnu>— uTier  Bell— 
iliowiD[  ihe  biAd  tonptCi  and  (he  poiuD.fangi  la  the  upper  jaw. 

idiarity  lies  in  the  manner  in  which  it  is  protected  exter- 
ly.  There  are  no  eyelids,  and  hence  the  stony  unwinking 
re  of  all  snakes.  In  place  of  eyelids,  the  eye  is  surrounded 
a  circle  of  scales  {e  e),  to  the  circumference  of  which  is 
iched  a  layer  of  transparent  epidermis,  which  covers  the 
ole  eye  (rf),  and  is  termed  the  antocular  membrane.     This 
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is  covered  infernally  by  a  thin  layer  of  the  conjunctiva,  which 
is  reflected  forwards  from  the  conjunctiva  covering  the  ball  ot 
the  eye  itself.  In  this  way  a  cavity  or  chamber  is  fonned 
between  the  two  layers  of  conjunctiva,  and  the  lachrymal 
secretion,  by  which  the  eye  is  moistened,  is  received  into  this. 
The  outer  epidermic  layer  (antocular  membrane)  covering  the 
ball  of  the  eye  in  front,  is  periodically  shed  with  the  rest  of  the 
epidermis,  the  animal  being  rendered  thereby  blind  for  a  few 
days.  The  pupil  of  the  eye  is  round  in  most  Snakes,  but  forms 
a  vertical  slit  in  the  venomous  Serpents  and  in  the  Boas. 

As  regards   the   dental    and  maxillary  apparatus  of  the 
Serpents,  the  following  points  require  notice :  —  Firstly^  in 
consequence   of  the  articulation  of  the  lower  jaw  with  a 
movable  quadrate  bone,  which  is  oflen  directed  backwards, 
in  consequence  of  the  quadrate  bone  being  connected  with  a 
movable  squamosal  bone,  and  in  consequence  of  the  rami  d 
the  jaw  being  united  in  front  by  ligaments  and  muscles  onl}') 
the  mouth  in  the  Snakes  is  capable  of  opening  to  an  enormous 
width,  and  the  most  astonishing  feats  in  the  way  of  swallowing 
can  be  performed.     Secondly^  this  structure  of  the  jaws  acconls 
exactly  with  the  structure  of  the  teeth,  both  concurring  to 
render  the  Snakes  wholly  incapable  of  anything  like  mastica- 
tion, and  at  the  same  time  capable  of  swallowing  immense 
morsels   entire.      The   teeth,   namely,  are   simply  fitted  for 
seizing  and  holding  the  prey,  but  not  in  any  way  for  dividing 
or  chewing  it.    In  the  non-venomous  and  most  typical  Snakes, 
the  jaws  and  palatine  bones  carry  continuous  rows  of  solid 
conical  teeth,  so  that  there  are  four  rows  above  and  two  below ; 
and  the  superior  maxillae  are  very  long  and  are  not  mo\*able. 
Thirdly^  in  the  Viperine  Snakes,  and  the  Crotalida,  the  ordi- 
nary teeth  are  wanting  upon  the  superior  maxillae,  whilst  these 
bones  are  themselves  very  much  shortened,  and  are  capable 
of  being  raised  and  depressed  at  will.     In  place  of  the  ordi- 
nary teeth,  each  maxilla  carries  a  "  poison-fang,"  in  the  form 
of  a  long,  conical,  curved  fang,  which  is  concealed  in  a  fold 
of  the  mucous  membrane  when  not  in  use,  and  has  numerous 
germs  or  reserve-fangs  behind  it  (figs.  274,  B,  and  275).   Eadi 
tooth  is  perforated  by  a  lube,  opening  by  a  distinct  aperture 
at  the  apex  of  the  tooth,  and  conveying  the  duct  of  the  so- 
called  poison-gland.     (In  reality  the  poison-duct  of  the  fang  is 
formed  by  an  inflection  of  the  tooth  upon  itself,  and  not  by  its 
actual  perforation.)     Tiiis  is  a  gland  (fig.  276),  probably  pro* 
duced  by  a  modification  of  one  of  the  buccal  salivary  glands, 
situated  behind  and  under  the  eye  on  each  side,  and  secreting 
the  fluid  which  renders  the  bite  of  these  snakes  dangerous  or 
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When  the  animal  strikes  its  prey,  the  poison-faDgs  are 
1  by  the  elevation  of  the  movable  maxilUe  (to  which 
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ire  anchylosed),  and  the  poison  is  forced  through  the 
rhich  perforates  each,  partly  by  the  contractions  of  the 
liar  walls  of  the  gland,  and  partly  by  the  muscles  of  the 
In  most  poisonous  snakes  the  superior  maxilte  carry 
icr  teeth  except  the  poison-fangs  and  their  nidimentaiy 
■SOis,  but  in  some  cases  there  are  a  few  teeth  behind  the 
;  whilst  the  palatine  teeth  are  always  present,  as  in  the 
ess  species.  In  some  other  venomous  Snakes,  again 
Naja  and  the  Hydrophida),  the  jaws  and  teeth  agree  in 
characters  with  those  of  the  non-venomous  Snakes,  but 
St  maxillary  teeth  are  larger  than  the  others,  and  form 
CDlatcd  fangs.  Lastly,  in  a  few  forms  the  terminal  maxiU 
«tb  are  deeply  canalicutated,  but  are  not  connected  with 
let  of  any  poison-gland. 
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Fourtkiy,  in  all  the  Serpents  the  teeth  are  ancbytosed 
with  the  jaw,  and  are  never  sunk  into  distinct  sockets  a 
alveoli. 

The  Ophidia  are  usually  clas»fied  in  accordance  with  Ae 
characters  of  their  dental  apparatus,  and  may  be  divided  u 
follows,  some  minor  groups  being  omitted : — {i.)The  V^triu 
comprise  the  most  typical  of  the  venomous  Snakes  (Vaunai^ 
and  include  the  common  Vipeis  ( Vipaida)  and  the  Satll^ 
snakes  {Crotaltdm),  the  fonner  being  mostly  confined  to  ibe 
Old  World,  whilst  the  latter  are  mainly  American.  The  com- 
mon Viper  {Pdias  berus)  occurs  abundantly  in  England  uk! 
Scotland,  and  is  capable  of  inflicting  a  severe  and  even  din- 
gerous  bite,  though  it  is  doubtful  if  fatal  effects  ever  follow  » 
cept  in  the  case  of  children  or  subjects  previously  debilititcd. 


The  true  Rattlesnakes  (Crolalus)  are  exclusively  natiKS  <• 
America,  and  they  are  highly  poisonous.  The  extremity  rft'l' ' 
tail  in  the  true  Rattlesnake  {Crolaliis  horridus,  fig.  JJj)  • 
furnished  with  a  series  of  homy  epidermic  cells  of  a>  ■*" 
dulated  pyramidal  shape,  articulated  one  wiibin  the  othft 
constituting  an  appendage  which  is  known  as  the  "lattfe 
Before  striking  its  prey,  the  Rattlesnake  throws  itself 
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i,  and  shakes  its  rattle,  as  it  does  also  when  alarmed.  Ac- 
iing  to  Professor  Shaler,  the  use  of  the  rattle  is  to  imitate 
note  of  the  Cicada,  and  thus  to  attract  birds  which  prey 
m  this  insect;  but  its  function  is  more  probably  sexual. 
J  Indian  snakes  belonging  to  the  genus  Trimeresurus^  and 
le  other  less  important  forms,  are  also  placed  amongst  the 
ialida.  The  head  of  the  Viperine  Snakes  (figs.  274,  278) 
noady  somewhat  triangular  in  shape,  broadest  in  its  middle, 
I  showing  a  very  distinct  line  of  demarcation  between  the 
d  and  neck.  The  head,  also,  is  usually  covered  with  small 
les,  rarely  interspersed  with  larger  plates  or  "  scuta "  (fig. 
I).  Other  well-known  members  of  this  group  are  the  Death 
der  {Acanthophis  tortor)  of  Australia,  the  Horned  Viper 
rastes)  of  Africa,  and  the  Puff  Adder  (CT?///^  arietans)  of  the 
?e  of  Good  Hope. 

2.)  The  Eiapina  are  poisonous  snakes,  in  which  the  poison- 
gs  are  permanently  fixed  and  erect,  and  have  smaller  solid 
th  behind  them.  The  head  is  shield-shaped,  and  not  much 
ler  than  the  body.  This  group  comprises  some  of  the  most 
idly  of  all  the  Serpents,  one  of  the  best  known  being  the 
loded  Snake  or  Cobra  di  Capello  (Naja  tripudians)^  which  is 
nmonly  found  in  Hindostan,  and  is  the  snake  usually 
lied  about  by  the  Indian  snake-charmers.  It  varies  from 
^  to  six  feet  in  length,  and  the  neck  can  be  extensively 
ited,  covering  the  head  like  a  hood.  A  nearly  allied  species 
'htNaja  Haje  (fig.  277)  of  Egypt.  The  genus  Bungarus^ 
luding  the  deadly  "  Kerait "  (B.  ccnrulms)  of  India,  is  nearly 
ed  to  Naja^  but  the  neck  is  not  dilatable.  America  has 
resentatives  of  this  family  in  the  beautifully  marked  Coral- 
kes  and  Harlequin  -  snakes  (Elaps\  and  the  Australian 
ion  is  also  not  without  them  (Hoplocephalus^  &c.) 
3.)  The  Hydrophid(B  comprise  aquatic  Ophidians  which 
e  the  tail  vertically  compressed  and  broadened  out.  They 
found  principally  in  the  Indian  and  Chinese  seas,  often 
[uendng  the  mouths  of  rivers,  though  sometimes  ranging 
from  kmd  They  are  extremely  poisonous,  and  swim  with 
It  ease  and  rapidity. 

^.)  The  Coiubrina  comprise  an  immense  number  of  alto- 
ler  innocuous  snakes,  in  which  the  superior  maxillae  are 
/ided  with  solid  teeth  only,  and  there  are  no  fangs.  An 
silent  example  of  this  group  is  the  common  Ringed  Snake 
^uber  or  Tropidonotus  natrix)  of  Britain,  a  perfectly  harmless 
nal,  which  is  commonly  found  in  damp  situations,  and 
A  lives  mainly  upon  frogs.  Closely  allied  to  this  is  the 
A  Snake  {Bascanion  constrictor)  of  North  America,  which 
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attains  a  length  of  from  three  to  five  feet,  bat  is  perfectly 
harmless,  so  far  as  man  is  concerned. 

(5.)  The  Pythonina  comprise  the  well-known  serpents  tenned 
the  Boas,  Pythons,  Anacondas,  and  Kock-snakes.  The  mem- 
bers of  this  group  are  the  largest  of  all  living  snakes,  attaining 
a  length  of  certainly  over  twenty  feet  Their  bite  is  perfectly 
harmless,  but  they  are  nevertheless  highly  dangerous  and  de- 
structive animals,  owing  to  their  great  size  and  enormous  mus- 
cular power.  They  seize  their  prey  and  coil  themselves  round 
it  in  numerous  folds,  by  tightening  which  they  gradually  reduce 
their  victim  to  the  condition  of  a  shapeless  bolus,  fit  to  be 
swallowed.  In  this  way  a  good-sized  Python  or  Boa  will  cer- 
tainly dispose  of  an  animal  as  large  as  a  sheep  or  goat,  and 
it  is  asserted  that  even  human  beings  may  be  thus  devoured 
by  large  individuals  of  the  family.  The  Boas  and  Pythons 
occur  in  both  the  Old  and  New  Worlds,  the  Pythons,  howe^tr, 
all  belonging  to  the  Old  World,  and  they  are  amongst  the  most 
formidable  of  all  living  Ophidians.  They  possess  rudimentary 
hind-limbs  terminating  in  homy  anal  spurs,  which  co-operate 
with  the  prehensile  tail  in  enabling  the  animal  to  suspend  itself 
from  trees.  In  all,  also,  the  dental  apparatus  is  extremely 
powerful,  giving  a  firm  hold  for  the  constriction  of  the  prey. 

(6. )  The  Typhlopida  constitute  an  aberrant  group  of  snakes, 
distinguished  from  the  typical  Ophidians  by  the  comi)arative 
narrowness  of  their  gape.  They  are  found  in  both  the  Old  and 
New  Worlds,  in  warm  latitudes,  are  possessed  of  quite  nidi- 
mentary  eyes,  and  burrow  in  the  ground.  Some  of  them  art 
of  very  small  size,  and  somewhat  resemble  earthworms.  Nearly 
allied  to  the  genus  Typhlops  itself  is  the  Indian  Uropeitis,  which 
is  also  subterranean  in  its  habits. 

A  good  gemral  character  by  means  of  which  the  poisonous  Vipcrine 
Snakes  may  be  distinguished  from  the  harmless  Colubrine  forms  is  in  the 
shape  and  armature  of  the  head.  In  the  Viperinay  as  before  said,  lh« 
head  (figs.  274,  278)  is  triangular,  broadest  behind,  and  separated  fmo 
the  neck  by  a  more  or  less  marked  diminution  in  the  diameter  of  this 
latter  part.  ITie  scales,  too,  which  cover  the  head,  are  of  small  size,  lo 
the  Colubrine  snakes,  on  the  other  hand,  the  head  is  not  markedly  triai^' 
l.ir,  and  gradually  tapers  off  into  the  neck,  whilst  the  upper  surface  of  the 
head  is  usually  covered  with  large  shield-like  plates  or  **  scuta  "ifit 
278,  A). 

Distribution  of  Ophidia  in  Time. — The  Ophidia^st^ 
known  to  occur  in  any  Palaeozoic  or  Mesozoic  deposit  1^ 
earliest  known  traces  of  any  serpent  are  in  the  Lower  Kaino- 
zoic  rocks,  the  oldest  being  the  Palaophis  ioliapicus  of  the 
London  Clay  of  Sheppey.    The  nearly-allied  Palaophis  tyfhs» 
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Eocene  beds  of  Bracklesham  appears  to  have  been  a 
NUtrictor-like  snake  of  about  twenty  feet  in  length. 


■  fcnuli  C,  Haul 

ipecies  oi  Palaophis  have  been  described  from  the  Ter- 
icks  of  the  United  States,  and  the  genus  Dinopkii  has 
irmed  for  the  reception  of  another  gigantic  constricting 
t  from  the  same  formation.  In  some  of  the  later  de- 
lave  been  found  the  poison-fangs  of  a  venomous  snake. 
■h&  whole,  however,  the  snakes  must  be  looked  upon  as 
laratively  modem  group,  and  not  as  one  of  any  great 
leal  antiquity. 


CHAPTER   LXII. 

LACERTILIA    AND  CROCODIUA. 

:  III.  Lacertilia. — The  third  order  of  Reptiles  is  that 
Lacertilia,  comprising  all  those  animals  which  are  corn- 
known  as  Lizards,  together  with  some  serpentiform 
%,  such  as  the  Blind-worms.  The  Lacertilia  are  distin- 
1  by  the  following  characters : — 
t  general  rule,  there  are  two  pairs  of  well-dmdopid  limbs, 
rt  may  be  only  one  pair,  or  all  the  limbs  may  be  absent. 
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A  scapular  arch  is  always  present,  whatever  the  eondxHm  oftk 
linibs  may  be.  An  exoskeleton,  in  the  form  of  homy  scales  Itki 
those  of  the  Snakes,  is  almost  always  present  The  tiertebra  tf 
the  dorsal  region  are  proccelous  or  coticave  infnmt^  rarely  ampki- 
calous  or  concave  at  both  ends.  There  is  a  single  transverse  pro- 
cess at  each  side,  and  the  heads  of  the  ribs  are  simple  and 
undivided.  There  is  either  no  sacrum,  or  the  sacral  vertebrae 
rarely  exceed  two  in  number.  The  teeth  are  not  lodged  in  iii- 
tinct  sockets  (some  extinct  forms  constituting  an  exce^ion  to  tids 
statement).  The  eyes  are  generally  furnished  with  movable  e/e- 
lids.  The  heart  consists  of  two  auricles  and  a  ventride,  the  Mr 
partially  divided  by  an  incomplete  partition.  There  is  a  uriury 
bladder,  and  the  aperture  of  the  cloaca  is  transt^erse. 

As  a  general  rule,  the  animals  included  under  this  (mkr 
have  four  well-developed  legs  (fig.  279),  and  would  therefore 


I' 
i 


Fig.  279. — Iguana. 


.- 

^  ^ 


be  popularly  called  "Lizards."    In  some  (Chirotes)  there  aK 
no  hind-feet ;  in  some  {Bipes)  the  fore-limbs  are  wanting;  ^ 
others  (Anguis,  Pscudopus^  zx\^  Amphisbana)  are  entirely  d«sfr 
tute  of  limbs,  thus  coming  closely  to  resemble  the  true  Sna** 
or  Ophidians  in  external   appearance.      These  serpentifo** 
Lizards,  however,  can  be  distinguished  from  the  true  Snakft 
amongst  other  characters,  more  especially  by  the  structure* 
the  jaws.     In  the  Snakes,  as  before  said,  the  two  rami  of  tw 
lower  jaw  are  loosely  united  in  front  by  ligaments  and  musdft  j^ 
and  are  attached  behind  to  a  movable  quadrate  bone,  which » 
in  turn  connected  with  a  movable  squamosal,  this  giving  * 
enormous  width  of  gape  to  these  animals.    In  the  Lizids,  hflj^ 
ever,  even  in  those  most  like  the  Snakes,  the  halves  of  W 
lower  jaw  are  firmly  united  to  one  another  in  front;  jjjj 
though  the  quadrate  bone  is  usually  more  or  less  movaw 
the  jaws  can  in  no  case  be  separated  to  anything  like  tue 
extent  that  characterises  the  Ophidia, 


vertebrata:  reptilia.  525 

Another  good  general  character  is  to  be  found  in  the  struc- 
ture of  the  protective  coverings  of  the  eye.  In  the  Snakes, 
eyelids  are  wanting,  and  the  eye  is  simply  covered  by  a  layer 
of  epidermis,  constituting  the  so-called  *^antocular  membrane." 
h  almost  all  the  Lizards,  on  the  other  hand,  including  most 
of  the  completely  snake-like  forms,  there  are  movable  eyelids, 
ud  in  few  cases  is  there  any  structure  comparable  to  the  an- 
tocular  membrane  of  the  true  Snakes.  Lastly,  the  typical 
lizards  all  possess  a  sternum  or  breast -bone,  but  this  is 
tanting  in  some  of  the  snake-like  fonns,  so  that  it  cannot  be 
Appealed  to  as  a  character  by  which  the  Lacertilia  can  be 
Kparated  from  the  Ophidia,  Whatever  the  condition  of  the 
tabs  may  be,  there  is,  however,  always  a  pectoral  arch  more 
>r  less  completely  developed,  even  though  the  pelvic  arch 
ibould  be  wanting. 

The  whole  order  of  the  Lacertilia  is  very  often  united  with 
he  next  group  of  the  Crocodilia,  under  the  name  of  Sauria, 
^he  term  "Saurian,"  however,  is  an  exceedingly  convenient 
Qe  to  designate  all  the  Reptiles  which  approach  the  typical 
•izards  in  external  configuration,  whatever  their  exact  nature 
^y  be ;  and  from  this  point  of  view  it  is  often  very  useful  as 
pplied  to  many  fossil  forms,  the  structure  of  which  is  only 
^perfectly  known.  It  is  therefore  perhaps  best  to  employ 
Us  term  merely  in  a  loose  general  sense.  All  the  Lacertilians 
assess  teeth,  though  these  vary  considerably  in  their  arrange- 
lent  (If  the  extinct  Rhytuhosaurtis  be  truly  Lacertilian,  this 
inus  has  apparently  no  teeth.)  The  teeth  are  always  simple, 
jmetimes  sharp  and  conical  (Monitor),  sometimes  blade-like 
ith  serrated  edges  (Iguana),  sometimes  with  rounded  crush- 
ig  crowns  (Cyclodus),  Usually  the  teeth  become  anchylosed 
►  the  jaw,  when  they  may  be  fixed  by  their  sides  to  the  inner 
all  of  the  alveolar  border  of  the  jaw  ("  pleurodont "  dentition), 
'  may  be  attached  by  their  bases  to  the  summit  of  this  border 
'acrodont"  dentition).  In  the  extinct  Protorosauria^  the 
eth  are  implanted  in  distinct  sockets  ("thecodont"  denti- 
>ii). 

TTie  Lacertilia  are  sometimes  divided  into  three  sections  in 
^ordance  with  the  structure  of  the  tongue.  In  one  group, 
eluding  the  greater  number  of  the  rfiembers  of  the  order, 
e  tongue  is  long,  protrusible  and  forked  (Fissilinguia  or 
^ioglossa),  as  in  the  Serpents.  In  a  second  group  {Brevi- 
*^ia  or  PacAjglossa),  including  the  Geckos  and  Agamids, 
e  tongue  is  thick,  fleshy,  and  not  protrusible.  Lastly,  in  a 
'rd  group  (  Vermilinguia)  are  placed  the  Chamaeleons,  with 
^  V  long  protrusible  worm-like  tongue,  the  extremity  of  which 
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is  clubbed.    The  following  are  the  principal  families 
Lacertilians. 

The  first  family  of  importance  is  that  of  the  AmpMsk 
including  a  number  of  serpentiform  lizards,  in  whic 
pairs  of  limbs  are  uniformly  absent  (except  in  the  K 
Chiroies,  in  which  the  fore-limbs  are  present).  All,  h< 
possess  a  pectoral  arch,  and  they  are  further  distinj 
from  the  Ophidians  by  the  fact  that  the  rami  of  the  loi 
are  united  by  suture,  so  as  greatiy  to  restrict  the  gape 
type-genus,  Amphisb<Bna^  is  South  American,  and  coi 
apodal  snake-like  lizards  with  short  blunt  tails,  havi 
vent  situated  nearly  at  the  end  of  the  body. 

In  the  family  of  the  C/taicidida  we  also  have  lizan 
long  snake-like  bodies,  but  minute  fore  and  hind  lin 
present.  The  scales  are  rectangular,  and  are  arrar 
transverse  bands  which  do  not  overlap.  All  the  men 
this  group  are  American.  In  the  nearly  allied  Zmuti 
limbs  may  be  well  developed,  rudimentary,  or  wholly  w 
there  is  a  longitudinal  fold  of  skin  on  each  side  of  the 
and  the  abdominal  scales  are  square  or  roundish,  and  d 
in  cross  bands.  The  ears  are  distinct,  and  the  eyes  s 
vided  with  eye-lids.  In  this  group  are  the  footless  Ai 
Glass-snakes  (Ophisaurus),  and  the  Sheltopusiks  {Pst 
of  the  Old  World,  in  which  the  limbs  are  wanting,  or 
mentary  pair  of  hind-legs  is  present. 

More  important  than  any  of  the  preceding  is  the  la 
widely  distributed  family  of  the  Scincidce,  comprising  a 
of  small  Lacertilians,  some  of  which  are  completely  sna 
whilst  others  possess  a  single  pair  of  limbs,  and  othei 
have  the  normal  two  pairs  of  limbs  in  a  well-developed 
tion.  All  possess  movable  eyelids,  and  in  all  the  co 
tion  of  the  lower  jaw  is  Lacertilian,  and  not  Ophidia 
the  Scincoidean  Lizards  have  the  body  covered  by 
scales  overlapping  one  another  like  the  scales  of  fishes 
the  head  is  protected  by  larger  symmetrical  plates, 
tongue  is  free,  tleshy,  and  slightly  notched. 

Of  the  snake-like  forms  of  this  group,  none  is  more  familiarl 
than  the  Blind-worm  or  Slow-worm  {An^uts  fragilis,  fig.  280), 
found  over  almost  the  whole  of  Europe,  in  western  Asia,  and 
Africa,  and  which  is  one  of  the  most  abundant  of  the  British  1 
The  Blind-worm  possesses  no  external  appearance  of  limbs,  the 
scapular  and  pelvic  arches  are  present  in  a  rudimentary  conditi 
appearance  is  completely  serpentiform,  and  it  is  vulgarly  r^rd 
<iangerous  and  venomous  animal,  but  quite  erroneously,  as  it  is  e 
able  to  pierce  the  human  skin.  It  is  a  perfectly  harmless  animi 
upon  worms,  insects,  and  snails,  and  hybemating  during  the  wini 
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ftt  its  spedfic  name  oi  fragilis  from  the  fact  that  when  alarmed  it 
ss  its  muscles  to  such  an  extent  that  the  tail  can  be  readily  broken  off, 
fit  were  brittle, 
'mneroiis  other  small  Lizards  are  referable  to  the  Scincida:^  but  it  is 


Fig.  38a— The  Blind-worm  {Angws  fra^iisy-aller  Bell. 


neoessoiy  to  mention  the  Skinks  themselves  {Sa'nctis\  in  which  both 

I  of  limbs  are  present  in  a  well-developed  state.  The  Skinks  are  found 
Imost  all  the  warmer  parts  of  the  Old  World,  and  closely-allied  forms 

II  flft  the  West  Indian  **  Galliwasp  '*)  are  found  in  the  New  World. 
common  Skink  (fig.  281)  is  a  native  of  Arabia  and  Africa.     It  attains 

agth  of  eight  or  nine  inches,  and  was  formerly  used  in  various  diseases 
remedy. 

Passing  over  several  small  groups,  the  next  family  requiring 
tsideration  is  that  of  the  Laceriidce,  comprising  the  typical 
ards,  in  which  there  are  always  four  well-developed  limbs, 
ii  terminated  by  five  free  toes  of  unequal  lengths.  The 
dy  is  covered  with  scales,  which  assume  the  form  of  shields 
**  scuta  "  over  the  abdomen  and  on  the  head,  the  scales  of 
!  former  region  being  square  and  arranged  in  transverse 
Dds.  The  tail  is  rounded.  The  tongue  is  slender,  bifid, 
d  protrusible,  and  the  eyes  have  distinct  lids.  The  only 
iy  British  Lizards  are  the  Sand-lizard  {Lacerta  agilis)  and 
5  Oviparous  Lizard  {Zootoca  vivipara) ;  and  the  commonest 
m  upon  the  Continent  is  the  graceful  little  Green  Lizard 
"U^a  viridis)^  which  also  occurs  in  Jersey.    The  Lizards  of 
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the  Old  World  are  represented  ia  America  by  the  Amm 
some  of  which  attain  a  lei^h  of  several  feet 
Very  closely  allied  to  the  true  Lizards  are  the  yaraaUti 


Monitors,  which  indeed  are  chiefly  separated  by  theconi[Ui' 
tively  trivial  fact  that  the  abdomen  and  head  arc  covered  "H 
small  non-imbricating  scales,  and  not  with  large  "  scuti"  Tb 
tongue  is  protrusible  and  fleshy,  like  that  of  the  Snakes.  "^ 
teeth  are  lodged  in  a  common  alveolar  groove,  which  hu  " 
internal  border;  and  there  are  no  palatal  teeth.  Thetiill" 
a  double  row  of  cariiiated  scales,  and  is  cylindrical  in  ''' 
terrestrial  forms,  and  compressed  in  those  whose  habils»| 
aquatic  The  Monitors  are  exclusively  found  in  the  01 
^Vorld  (Asia,  Africa,  and  Australia),  and  are  the  largest  of'' 
the  recent  Lacertilia  ;  the  Varanus  NUotkm  of  Egj-pt  attaiMH 
a  length  of  six  feet,  and  the  Hydrosaurvs  ialvalor  of  iheEf 
Indian  Archipelago  attaining  to  as  much  as  eight  feet  T" 
Hdoderma  liorridum  of  Mexico  is  sometimes  placed  '^'^.j^ 
The  Iguanida  constitute  another  large  family  of  Li** 
belonging  (if  the  Agamida  be  excluded)  entirely  to  the  ^^ 
World.  The  tongue  is  thick,  fleshy,  notched  at  its  o 
tremity  only,  and  not  protnisible.  Mostly  there  is  a  ** 
sal  crest,  and  a  goitre  or  throat  -  pouch.  The  ^^^^}, 
covered  with  imbricated  scales.  They  are  often  di''* 
into  "ground-iguanas,"  in  which  the  body  is  flat  *°^f[ 
pressed,  and  "  tree- iguanas,"  in  which  the  body  is  """["^Jj 
The  members  of  the  genus  Iguana  itself  {fig.  379)  are  cobib™ 
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America  and  the  West  Indies,  and  are  distinguished 
^  the  throat  furnished  with  a  pendulous  dewlap  or 
:in,  the  edge  of  which  is  toothed.  The  back  and  tail, 
iirnished  with  an  erect  crest  of  pointed  scales.  The 
Iguana  (/.  tuberculatd)  attains  a  length  of  from  four 
«t,  and  though  not  of  a  very  inviting  appearance,  is 
teemed  as  food.  The  Basilisks  (Basiliscus)  have  the 
le  head  furnished  with  a  membranous  sac,  which  can 
ded  with  air  at  will. 

mily  of  the  Agamida  is  closely  allied  to  that  of  the 
?  proper,  and  represents  it  in  the  Old  World.    The  body 


I. — Fore-porlion  of  the  skeleton  of  Draco  volans,  the  tail  being  omitted, 
showring  the  posterior  or  fali.e  ribs  supporting  the  parachute. 

1  with  imbricated,  generally  rhombic  scales ;  the  tongue 
md  non-protrusible ;  the  eyes  have  eyelids ;  and  the 
implanted  on  the  edge  of  the  bones  of  the  jaws. 

irds  of  this  i^oup  are  distributed  over  nearly  the  whole  of  the 
d  (principally  Asia,  Africa,  and  Australia),  and  are  either 
r  terrestrial  in  habit.  Good  examples  are  the  Stellio  vtdi^ris 
ant,  the  Aganm  muricafa  of  Australia,  and  the  hideous  Moloch 
f  the  same  country.  Here  also  belonp^s  the  curious  little  Frill 
klamydosaurus)  of  Australia,  which  has  the  neck  furnished  on 
dth  a  membranous  plaited  frill,  which  can  be  erected  at  will. 

2  L 
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there  is  a  broad  membranous  expansion  on  each  side,  fonned  bjr  i  tiU 
of  the  inlegument,  supported  upon  the  five  or  six  posterior  or  Uic  nl^ 
which  run  siraighl  out  from  the  spitial  column  (fig.  a8»).  ftr  meua  i 
these  lateral  expansions  of  the  skin,  the  Draco  can  lake  long  nyn^  kv> 
from  tree  to  tree,  and  can  pursue  the  insects  on  which  it  feed) ;  bat  tit 
lateral  membranes  simply  act  as  parachutes,  and  there  is  no  povcf  of  ine 
flight,  properly  So  called. 

The  Geekotida  form  a  large  family  of  Lizards,  compridi^a 
great  number  of  species,  occurring  in  almost  all  parts  of  ibe 
world  between  and  near  the  tropics.  The  tongue  is  wide,  Sit, 
scarcely  notched  at  its  free  extremity,  and  hardly  at  all  pro- 
trusible.  The  eyes  are  large,  mostly  with  extremely  short  liiis-  , 
the  pupil  mostly  vertical  and  linear,  but  sometimes  circular. 
The  vertebrte  are  amphiccelous.  The  teeth  are  numerous, 
small,  compressed,  and  implanted  on  the  inner  edge  of  the 
jaw.  The  nails  (when  present)  are  mostly  hooked  and  retrac- 
tile, and  the  toes  are  furnished  below  with  imbricated  platM 
or  with  adhesive  discs.     The  animal  is  generally  capable  ^ 


r*-\^ 


Fij.  rfj.-H«i 


,    {Aficr  GuDlhtr.) 


running  on  the  smoothest  surfaces,  or  suspending  itself  b"' 
domiwards.  They  feed  on  insects,  and  are  found  in  ^ 
dance  in  the  warmer  parts  of  both  the  Old  and  ^^ 
Worlds. 

Another  remarkable  family  of  Lacertilians  is  thai  "''  >" 


^ 
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tUoHiida,  containing,  among  other  species,  the  familiar 
Ihamaleo  Africanus,  which  occurs  abundantly  in  the 
of  Africa  and  in  Egypt,  and  is  so  well  known  for  its 
of  changing  its  colour  under  irritation  or  excitement 
.  genus  the  eye  (fig  284)  is  of  large  size,  and  is  covered 


FiC'  184-— Hwl  of  I 


tC.  riltnii).    (After  Gray.) 


Dgle  circular  lid,  perforated  centrally  by  a  small  aperture, 
ch  the  rays  of  light  reach  the  pupil.  The  Chameleon 
lalljf  a  sluggish  animal,  but  it  catches  its  food,  consist- 
insects,  by  darting  out  its  long,  fleshy,  and  glutinous 
; — an  operation  which  it  effects  with  tlie  most  extra- 
17  rapidity, 
toil  in  the  Chameleons  is  round  and  prehensile,  the 
Eompiessed,  and  the  skin  like  shagreen.  The  tongue 
{,  vennifonn,  club-shaped  in  front,  and  very  extensile. 
tes  are  adapted  for  the  arboreal  life  and  scansorial  habits 
animal,  being  so  arranged  as  to  form  two  equal  and 
ible  sets.  The  lungs  are  excessively  voluminous.  The 
deons  are  exceedingly  sluggish  and  slow  in  their  move- 
and  are  confined  to  the  warmer  parls  of  the   Old 

'  last  group  of  living  Lizards  which  requires  notice  is 
if  the  Rhynchsxephalia,  a  group  comprising  only  the 
s  genus  Hatitria  or  Sphenodon,  which  is  so  aberrant  in 
iracters  that  this  section  may  well  be  regarded  as  a  sub- 
of  LaceriUia.  Only  one  species  (//  punctata)  of  this 
is  known,  and  it  inhabits  New  Zealand. 
his  singular  form  (lig.  285)  the  vertebrae  are  amphicoelous, 
ime  of  the  ribs  bear  "  uncinate  processes  "  similar  to  those 
ds.  The  quadrate  bone  is  not  movable,  and  is  united  by 
■  with  the  skuil.  The  teeth  are  completely  amalgamated 
%losis  with  the  jaws,  and  are  developed  in  the  mandible, 
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pnemaxillae,  maxillfe,  and  in  a  longitudinal  seriM  up 
jiaiatine  bones.  The  pne maxillary  teeth  are  two  in  n 
and  are  of  large  size  and  scalprifotm  in  shape.    The  s 


edge  of  the  mandible  is  received  in  the  groove  betw 

palatine  teeth  and  the  cutting  edges  of  the  maxillx,  the: 
borders  of  which  are  hard  and  as  highly  polished  as  tl 
themselves,  the  function  of  which  they  discharge  wl 
latter  arc  ground  down  in  advanced  age.  Unlike  ar 
Saurian,  Halteria  is  devoid  of  any  copulatory  organ. 

IJibTRiiiuTioN  OK  Lacertilia  in  Time. — It  is  han 
sible,  with  our  present  knowledge,  to  speak  very  posil 
to  the  exact  range  of  the  Latertiiia  in  time.  This  unc 
(irises  from  two  causes — firstly,  that  there  is  some  doul 
the  exact  age  of  some  deposits  which  have  yielded  Iji 
remains ;  and,  secondly,  that  the  affinities  of  some 
Reptiles  are  a  matter  of  considerable  question.  Uj 
whole,  the  oldest  known  Lacerlilian  would  appear  to 
Protorosaurus  of  the  Middle  Permian  rocks;  thoug 
authorities  have  placed  this  form  in  the  Crocodilian  gi 
the  Thccodontia.  Protorosaurus  attained  a  length  of  t 
five  or  six  feel,  and  diflcrs  from  all  existing  Lizards  in 
its  teeth  implimted  in  distinct  sockets — this  being  a 
dilian  character.  In  other  respects,  the  Permian  repl 
proximates  closely  to  the  living  Monitors  ( Vamniiia),  ■ 
slightly  cupfied  vertebra;  would  lead  to  the  belief  that 
aquatic  in  its  habits.  Both  pairs  of  limbs  were  present 
jK'ntadactylous,  and  conslracted  on  the  type  of  ihe  lii 
the  typical  Lizards. 

In  rocks  known  or  supjiosed  to  be  of  Triassic  age,  s 
I^-icertilian  reptiles  have  been  discovered,  of  which  li' 
important  arc  Tderpcton,  Hyperodaptdon,  and  RhynAe» 
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le  last  is  sometimes  referred  to  the  group  of  the 
a,  to  be  subsequently  spoken  of. 
irassic  period,  the  remains  of  Lacertilians  are  not 
lUt  call  for  little  special  notice.  Several  forms  of 
Ance  have  been  described  from  the  Middle  Oolites, 
.-water  strata  of  the  Purbeck  series  (Upper  Oolites), 
■emains  which  have  been  referred  to  the  genera 
faeellodon,  Saurillus,  and  Echinodon.  These  are, 
;  first  traces  in  the  stratified  series  of  remains,  the 
which  to  the  typical  Lacertida  cannot  be  disputed, 
Cretaceous  rocks  occur  the  singular  Lacertilians 
the  group  of  ihe  "  Mosasauroids."  These  reniark- 
es  were  of  gigantic 
aurus  princeps  being 
I  have  attained  the 
^gth  of  not  less  than 

feet  The  teeth  of 
es  are  long,  conical, 
^  curved ;  but  they 
«ed  to  the  jaw,  and 
ik  into  distinct  sock- 
le  living  Crocodiles. 
trse  are  proc  eel  oils, 
ihortness  of  the  hu- 

the  indications  that 
il  column  was  unusu- 

and  that  the  tail  was 
ipressed,  it  was  early 

that  the  Mosasaur- 
marine  and  aquatic 
its.  This  conjecture 
ised  to  the  rank  of  a 
r  the  discovery  that 
d  hind  limbs  of  the 
is  were  in  the  form   f* "^*~'*jf^'.J'"^J|'",^,f 'J ^^'i' 

paddles,    resembling        nalural  slie.     (Afler  Manh.)    a  Scap- 

of  whales  in  gene-      ^jj,'.*,*-;;;™^'  f  Hun«ru>;  rfR.- 
:,  and  in  having  the 

ict  and  only  conjoined  by  integument  (fig.  286). 
therefore  be  no  doubt  that  Jifpsasaums — like  the 
lyrhyiichus — was  aquatic  in  its  habits,  and  fre- 
■  sea-shore,  coming,  in  fact,  only  occasionally  to  the 
Tcssor  Marsh  has  also  recently  shown  that  some 
tess  bony  dermal  scutes,  thus  rendering  their  Lacer- 
ies  somewhat  dubious. 
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Though  possessing  certain  aberrant  characters,  it  seems  best 
in  the  meanwhile  to  regard  the  Mosasaurida  ( =  the  Pythono- 
morpha  of  Cope)  as  an  extinct  group  of  the  Laceriilia, 

Order  IV.  Crocodilia, — ^The  last  and  highest  order  of 
the  living  Reptilia  is  that  of  the  Crocodilia^  including  the  li\Tng 
Crocodiles,  Alligators,  and  Gavials,  and  characterised  by  the 
follo>ving  peculiarities : — 

Tfie  body  is  covered  with  an  outer  epidermic  exoskddon  am- 
posed  of  horny  scales^  and  an  inner  dermal  exoskeleton  consisting 
0/  transverse  ro7as  of  squared  dony  plates  or  scutes ^  which  mayie 
confined  to  the  dorsal  surface  alonCy  or  may  exist  an  the  ventral 
surface  as  well^  and  which  are  disposed  on  the  back  of  the  ne^ 
into  groups  of  different  fonn  and  number  in  certain  species,    Tki 
bones  of  the  skidl  and  face  are  firmly  united  together^  andthetim 
halves  or  rami  of  the  lower  jaw  are  united  in  front  by  a  sutun. 
There  is  a  single  row  of  teeth,  which  are  implanted  in  distind 
sockets,  and  hollowed  at  the  base  for  the  germs  of  the  new 
teeth,  by  which  they  are  successively  pushed  out  and  replaced 
(luring  the  life  of  the  animal.     Tlie  centra  of  the  dorsal  vertin 
in  all  1/7 'ing  Crocodilia  are  proca^lous,  or  concave  in  fnmt^  tat 
in  the  extinct  forms  they  may  be  either  amphicoelous  (con- 
cave at  both  ends)  or  opisthoccelous  (concave  behind).    The 
vertebral  ends  of  the  anterior  trunk-ribs  are  bifurcate.    Theie 
are  two  sacral  vertebrae.     The  cervical  vertebrse  have  mbD 
ribs  (hence  the  difficulty  experienced  by  the  animal  in  tastt 
ing  quickly) ;   and  there  are  generally  false  abdominal  ribs 
produced  by  the  ossification  of  the  tendinous  intersectioDS 
of  the  recti  muscles.      There  are  no   clavicles.      The  heart 
consists  of  four  completely  distinct  and  separate  cai^ities,  /ri' 
auricles,  and  two  ventricles ;  the  ventricular  septum — as  innoothir 
Reptiles — being  complete,     Tlic  right  and  left  aortce,  hcwri'cr-^^- 
in  other  words,  the  pulmonary  artery  and  systemic  aorta--^rt 
connected  together  close  to  their  origin  by  a  small  aperture  (fen- 
men  Panizzie),  so  that  the  two  sides  of  the  heari  communicate  a'iii 
one  another.     The  aperture  of  the  cloaca  is  longitudifial,  and  fwj 
transierse  as  in  the  Lizards,     All  the  four  limbs  are  present,  tht 
anterior  ones  being  pentadactylous,  the  posterior  tetrcLdactyk^ 
All  arc  oviparous, 

Tlie  chief  points  by  which  the  Crocodiles  are  distinguish^ 
from  their  near  allies  the  Lacertilians,  are  the  possession  rf* 
partial  bony  dermal  exoskeleton  in  addition  to  the  ordinaiy  } 
epidermic  covering  of  scales,  the  lodgment  of  the  teeth  ij  {  - 
distinct  sockets,  and  the  fact  that  the  mixtiure  of  venous  aw  f  :. 
arterial  blood,  which  is  so  characteristic  of  Reptiles,  takes 
place,  not  in  the  heart  itself,  but  in  its  immediate  neighboor*  1    - 


\ 


■  - 
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uod,  b^  a  communication  between  the  pulmonary  artery  and 
loita  directly  after  their  origin. 

When  the  exoskeleton  is  complete  (as  in  Caiman),  it  con- 
ists  of  transverse  rows  of  quadrate  bony  plates  disposed  so  as 
3  form  a  distinct  dorsal  and  ventral  shield,  which  are  separ- 
ted  by  soft  skin  in  the  region  of  the  trunk,  but  become  conflu- 
Dt  in  the  tail.  All  the  scutes  of  one  row  are  united  by  suture, 
Dd  successive  rows  usually  movably  overlap  one  another. 

The  only  other  points  about  the  Crocodiles  which  require 
lecial  notice  are,  that  the  eyes  are  protected  by  movable 
re-lids ;  the  ear  is  covered  by  a  movable  ear-lid ;  the  nasal 
ivities  open  in  front  by  a  single  nostril,  and  are  shut  off  from 
le  cavity  of  the  mouth,  but  open  far  back  into  the  cavity  of 
e  pharynx ;  and  lastly,  the  tongue  is  large  and  fleshy,  and  is 


B,  Miod-fwxorihi 


□movably  attached  to  the  bottom  of  the  mouth.  (Hence  the 
elief  of  the  ancients  that  the  Crocodile  had  no  tongue.)  The 
lil  is  long  and  compressed,  with  two  rows  of  keeled  plates, 
hich  unite  about  its  middle  to  form  a  single  crest,  which  is 
Sntinued  to  its  extremity.  The  feet  are  palmate  or  semi- 
ahnate,  and  only  the  three  inner  toes  on  each  foot  possess 
laws.  The  eyes  possess  three  distinct  lids,  and  there  are  two 
lands  under  the  tiiroat  secreting  a  musky  substance. 
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The  Crocodilia  abound  in  the  fresh  waters  of  hot  countries, 
and  are  the  largest  of  all  living  Reptiles,  not  uncommonly 
attaining  a  length  of  twenty  feet  or  upwards. 

They  are  divided  by  Owen  into  three  suborders,  according  to  the  shape 
of  the  dorsal  vertebra;,  termed  the  Procalia^  Amphiccdia^  and  OpvAo- 
coclia. 

Sub-order  i.  Procaelia. — In  this  sub-order  are  all  the  living  membasrf 
the  Crocodilia,  distinguished  by  having  the  bodies  of  the  dorsal  vertebiz 
concave  in  front  (proccelous).  Three  distinct  types  may  be  dbtingmshed 
amongst  the  living  Crocodilia,  The  Gavial  is  distinguished  by  its  elongaied 
snout,  at  the  extremity  of  which  the  nostril  is  placed,  and  by  the  fact  thi! 
the  teeth  are  pretty  nearly  equal  in  size  and  similar  in  form  in  the  tvo 
jaws.  In  the  true  Crocodiles  (fig.  288)  the  fourth  tooth  in  the  lower  jnr 
is  larger  than  the  others,  and  forms  a  canine  tooth,  which  is  received  into 
a  notch  excavated  in  the  side  of  the  alveolar  border  of  the  upper  jaw,  so 
that  it  is  visible  externally  when  the  mouth  is  closed.  In  the  Caiminso' 
Alligators  the  same  tooth  in  the  lower  jaw  forms  a  canine,  but  it  is  recrivcJ 
into  a  pit  in  the  palatal  surface  of  the  upper  jaw,  where  it  is  entirely  coo* 
ccaled  when  the  mouth  is  shut.  The  Crocodiles  have  the  hind-l^  bor- 
dered by  a  toothed  fringe,  and  the  toes  completely  united  by  mcmbiaK. 
They  are  essentially  natives  of  fresh  water,  but  sometimes  frequent  ihc 
mouths  of  rivers.  They  occur  chiefly  in  Asia  and  Africa,  but  specie^  are 
found  in  some  of  the  West  Indian  Islands.  The  Alligators  have  the  hin-^'- 
legs  simply  rounded,  and  the  feet  not  completely  webbed.  The)'  arc 
essentially  aquatic,  and  are  voracious  animals,  living  upon  fish  or  Mam- 
mals. The  best-known  species  are  the  Alligator  of  the  southern  l*Dit<J 
States  (-'/.  Mississippicnsis)^  the  Caiman  (.-/.  palpcbrosus)  of  Surinam  an-i 
(iiiiana,  and  the  "Jacare"  or  Spectacled  Alligator  {A.  scUn-ops)  of  Brari!- 
The  Gavials  inhabit  fresh  waters,  and  appear  to  be  exclusively  confined  to 


Fig.  :;S3. — Skull  o{  young  Crocodilus  hiforcatus,    (After  Van  der  Hce«r. )  j 


the  Cianges  and  other  large  rivers  of  India.  The  Gangetic  form  [Gs-A^-' 
Gani^cticus)^  in  spite  of  its  numerous  pointed  teeth,  is  not  so  hijjhlvcj:- 
nivorous  as  the  true  Crocodiles. 

True  procoelian  Crocodiles  occur  for  the  first  time  in  the  GneeDsaM 
^Cretaceous  series)  of  North  America.  In  Euro{>e,  however,  the  «ifl*^ 
remains  of  procwlian  Crocodiles  arc  from  the  Lower  Tertiary  rocks  (E^ 
cene).  It  is  a  curious  fact  that  in  the  Eocene  rocks  of  the  sou'h-wfstc* 
England,  there  occur  fossil  remains  of  all  the  three  living  types  of  the  t""^ 
r//7/<z— namely,  the  Gavials,  true  Crocodiles,  and  Alligators  :  though  at  ijj 
present  day  these  forms  are  all  geographically  restricted  in  their  range, «» 
are  very  partially  associated  together. 

Sub-order  2.  Amphicarlia.—Thc  Amphicoelian  Crocodiles,  with  K'^' 
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lebrae,  are  entirely  extinct.  They  have  but  a  limited  geological 
;tending  only  from  the  Trias  to  the  Chalk  inclusive,  and  l^ing 
strictly  Mesozoic.  The  biconcave  vertebrae  show  a  decided  ap- 
3  the  structure  of  the  backbone  in  fishes  ;  and  as  the  rocks  in 
!y  occur  are  marine,  there  can  be  little  doubt  but  that  these  Croco- 
e,  in  the  majority  of  cases  at  any  rate,  marine.  The  most  import- 
ra  belonging  to  this  order  are  Teleosaurus^  Belodon^  StagonoUpis^ 
rus,  DoAosaurus,  Makrospondylus^  and  Suchosaurus,  the  last 
Di  the  fresh-water  deposits  of  the  Wealden  (Cretaceous). 
^3*  Opistkocalia. — The  sub-order  of  the  Opisthocoelian  Croco- 
hiduig  those  forms  in  which  the  anterior  trunk  vertebrae  are  con- 
ind,  is  one  which  can  be  only  provisionally  retained.  Professor 
dndes  in  this  section  the  two  genera  Str€ptospondylus  and  Cetio- 
but  the  latter  is  referable  to  the  Dcinosauria^  and  will  be  treated 
that  order  is  considered.  The  genus  Streptospondylus  has  been 
m  vertebrae  obtained  from  the  Oolitic  and  Wealden  formations  ; 
are  doubts  as  to  the  true  position  of  the  reptile  to  which  these 


CHAPTER   LXIII. 

EXTINCT  ORDERS  OF  REPTILES. 

iins  now  to  consider  briefly  the  leading  characters  of 
Uy  extinct  orders  of  Reptiles,  ihe  peculiarities  of  which 
/  extraordinary,  and  are  such  as  are  exhibited  by  no 
»rms. 

i:R  V.  IcHTHYOPTERYGiA,  Owen  ( =  Icht/iyosauria,  Hux- 
rhe  gigantic  Saurians  forming  this  order  were  distin- 
by  the  following  characters  : — 

body  was  fish-like^  unthout  any  distinct  neck,  and  proba- 
red  with  a  smooth  or  wrinkled  skin,  no  horny  or  bony 
'on  having  been  ever  discovered.  The  vertebrce  were  nu- 
deeply  biconcave  or  amphicoelous,  and  having  the  neural 
mited  to  the  centra  by  a  distinct  suture.  The  anterior 
bs  possess  bifurcate  heads.  There  is  no  sacrum,  and  no 
Hbs  or  sternumy  but  clavicles  were  present  as  well  as  an 
ncU  (episternum) ;  and  false  ribs  were  da'cloped  in  the 
the  abdomen.  The  skull  had  enormous  orbits  separated  by 
r,  and  an  elongated  snout.  The  eye-ball  was  protected  by  a 
h<my  plates  in  the  sclerotic.  The  teeth  were  not  lodged  in 
sockets^  but  in  a  common  alveolar  groove.  The  fore  and 
nbs  were  converted  into  S7inmming paddles,  the  ordinary 
of  digits  (five)  remaining  recognisable,  but  the  phalanges 
tally  increctsed  in  number,  and  marginal  ossicles  being  add- 
dl,   A  vertical  caudal  fin  was  in  all  probability  present. 
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The  order  Ichihyopterygia  includes  only  the  gigantic  and 
fish-like  Ichthyosauri  (fig.  289),  all  exclusively  Mesozoic,  and 


Fig.  289. — IchthyosaHrus  anmmKtUs, 


abounding  in  the  Lias,  Oolites,  and  Chalk,  but  especially  dnr- 
acteristic  of  the  Lias.  If,  however,  the  Eosaurus  Acadmas 
(Marsh)  of  the  Coal-measures  of  Nova  Scotia  be  rightlj  xt 


ferred  to  this  order,  then  the  Ichthyopferygia  date  from  the  Car- 
boniferous  period.  There  is  no  doubt  whatever  but  that  ti« 
Ichthyosauri  were  essentially  itiarine  animals,  and  they  ha|« 
been  often  included  with  the  next  order  (SaurofterypA)^ 
a  common  group,  under  the  name  of  Efudiosauria  or  Sei" 
lizards. 

In  the  biconcave  vert ebne  and  probable  presence  of  a  ^ 
tical  tail-fin,   the   Ichthyosaurus  approaches   the  true  feb*. 
There  is,  however,  no  doubt  as  to  the  fact  that  the  animal  ^ 
strictly  an  air-breather,  and  its  reptilian  characters  cannof  j*||.^ 
questioned,  at  the  same  time  that  the  conformation  of  the  I 
is  decidedly  Cetacean   in  many  respects.     Much  has 
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rom  various  sources  as  to  the  habits  of  the  Ichthyo- 
,d  its  history  is  one  of  great  interest  From  the  re- 
of  Buckland,  Conybeare,  and  Owen,  the  following 
ar  to  be  pretty  well  established  : — That  the  Ichthyo- 
t  chiefly  to  open  waters  may  be  inferred  from  their 
d  welWeveloped  swimming-apparatus.  That  they 
Uy  had  recourse  to  the  shore,  and  crawled  upon  the 
ly  be  safely  inferred  from  the  presence  of  a  strong 
leveloped  bony  arch,  supporting  the  fore-limbs,  and 
ambling  in  structure  the  scapular  arch  of  the  Orni- 
\is  or  Duck-mole  of  Australia.  That  they  lived  in 
as,  or  were  in  the  habit  of  diving  to  considerable 
shown  by  the  presence  of  a  ring  of  bony  plates  in  the 
protecting  the  eye  from  injury  or  pressure.  That 
*ssed  extraordinary  powers  of  vision,  especially  in  the 
ertain  from  the  size  of  the  pupil,  and  from  the  enor- 
Xh  of  the  orbits.  That  they  were  carnivorous  and 
in  the  highest  degree  is  shown  by  the  wide  mouth, 
aws,  and  the  numerous,  powerful,  and  pointed  teeth, 
oved,  also,  by  an  examination  of  their  petrified  drop- 
lich  are  known  to  geologists  as  "  coprolites,"  and 
itain  numerous  fragments  of  the  scales  and  bones  of 
d  fishes  which  inhabited  the  same  seas. 
VI.  Sauropterygia,  Owen  {  =  Piesiosauria,  Hux- 
is  order  of  extinct  reptiles,  of  which  the  well-known 
nis  may  be  taken  as  the  type,  is  characterised  by  the 
peculiarities ; — 

iy^  as  far  as  is  known^  was  nakedj  and  not  furnished 
kamy  or  bony  exosheieton.     The  bodies  of  the  vertebra 

Fig.  291. — PUsiosaurus  dolickodiims. 

^flat  or  only  slightly  cupped  at  each  end^  and  the  neural 
"•e  anchylosed  with  tlie  centra^  and  did  not  remain  dis- 
ng  life.  The  transverse  processes  of  the  vertebrce  were 
the  anterior  trunk-ribs  had  simple^  not  bifurcate^  heads, 
m  ar  sternal  ribs  are  known  to  have  existed^  but  there 
abdominal  ribs.  The  neck  (fig.  2  gi)  in  most  was  greatly 
and  composed  of  numerous  vertebra.  The  sacrum  was 
f  two  vertebrce.    The  orbits  were  of  large  size^  and  there 
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uf   rirsiosaurus.     a    Hu- 
merus ;  fi  Radius  ;  c  Ulnx 


7i'fis  a  long  snout,  as  in  the  Ichthyosauri,  but  there  was  no  cirdecf 
honyplaics  in  the  sclerotic.  The  limbs  agree  with  those  of  the  Ich- 
thyosauri in  being  in  thefomi  of  swimming-paddles  (fig.  292),  hi 

differ  in  not  possessing  any  supemumcrarj 
margined  ossicles,  A  pectoral  arch^fcrmei 
of  tivo  clavicles  and  an  interclavick  ^ 
sternum),  appears  to  hcnfe  been  somdimes,  if 
not  always,  present.  The  teeth  were  simfU^ 
and  were  inserted  into  distinct  sockds,  and 
not  lodged  in  a  common  groove. 

The  most  familiar  and  typical  member 
of  the  Sauropterygia  is  the  Plesiosauns 
(fig.  291),  a  gigantic  marine  reptile,  chiefly 
characteristic  of  the  Lias  and  Oolites.  As 
regards  the  habits  of  the  Plesiosauns,  Dr 
Conybeare  arrives  at  the  following  con- 
clusions : — "  That  it  was  aquatic  is  e>> 
dent  from  the  form  of  its  p>addles ;  that  it 
was  marine  is  almost  equally  so  from  the 
Fig.  292.— Left  fore-paddic  remains  with  which  it  is  universally  asso- 
ciated ;  that  it  may  have  occasionally  ri- 
ited  the  shore,  the  resemblance  of  its  ex- 
tremities to  those  of  the  Turtles  may  lead  us  to  conjecture;  i3 
movements,  however,  must  have  been  very  awkward  on  land: 
and  its  long  neck  must  have  impeded  its  progress  through  the 
water,  presenting  a  striking  contrast  to  the  organisation  which 
so  admirably  fits  the  Ichthyosaurus  to  cut  through  the  ^"aves. 
As  its  respiratory  organs  were  such  that  it  must  of  necessit) 
have  required  to  obtain  air  frequently,  we  may  conclude  "I'w^ 
it  swam  upon  or  near  the  surface,  arching  back  its  long  neck 
like  a  swan,  and  occasionally  darting  it  down  at  the  fish  which 
happened  to  float  within  its  reach.  It  may,  perhaps,  haye 
lurked  in  shoal  water  along  the  coast,  concealed  amongst  iw 
sea-weed ;  and  raising  its  nostrils  to  a  level  with  the  surface 
from  a  considerable  depth,  may  have  found  a  secure  retreat 
from  the  assaults  of  powerful  enemies ;  while  the  length  and 
flexibility  of  its  neck  may  have  comj)ensated  for  the  want  w 
strength  in  its  jaws,  and  its  incapacity  for  swift  motion  througn 
the  water." 

The  geological  range  of  the  Plesiosaurus  is  from  the  Lias^*  A 
the  Chalk  inclusive,  and  specimens  have  been  found  indicatii? 
a  length  of  from  eighteen  to  twenty  feet.  . 

Of  the  other  genera  of  the  Sauropterygia,  Simosaurvs  f^ 
Nothosaurus  are  from  the  Trias,  and  are  chiefly  characten^oc 
of  its  middle  division,  the  Muschelkalk.     Placodus  is  anothff 
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also  from  the  Muschelkalk,  and  is  characterised  by  the 
dinary  fomi  of  the  teeth,  which  resembled  those  of 
ishes  in  forming  broad  crushing  plates,  constituting  a 
'  pavemenL 

EK  VII.  Anomodontia,  Owen  (  =  Dicymdontia,  Hux- 
The  leading  characters  of  this  order  are  to  be  found  in 
icture  of  the  jaws,  which  appear  to  have  ban  sheathed 
V  so  as  to  eonstilute  a  kind  of  beak,  very  like  thai  of 
Jonians.     In  the  genus  Oudenodon  (fig,  293},  both  jaws 


3  have  been  altogether  destitute  of  teeth  ;  but  in  Dicy- 
|fig.  293)  there  were  two  long  tusks,  growing  from  per- 
pulps,  placed  one  on  each  side  in  the  upper  jaw.  The 
t  and  pelvic  arches  were  very  strong,  and  the  limbs  were 
veloped  and  fitted  for  walking,  and  not  for  swimming. 
'nodon  and  Oudenodon  are  known  only  from  strata  of 
ed  TriassLc  age  in  South  Africa  and  India,  but  Rhyneho- 
occurs  in  the  Trias  of  Europe.  Tliis  last  genus,  how- 
s  placed  by  Huxley  amongst  the  Ixicertilia. 
)ER  VIII.  Pterosauria  {Ornithosauria,  Seeley). — This 
includes  a  group  of  extraordinary  flying  Reptiles,  all  be- 
g  to  the  Mesozoic  epoch,  and  exhibiting  in  many  respects 


ycnus  I'kiiiihiJ.ni,  Irum  lliu  (.."iviai: 
comprising  gigantic  examples  of 
pletely  destitute  of  teeth,  and  apg 
a  homy  beak. 

A  ring  of  bony  plates  occurs  in  t 
pectoral  arch  consists  of  a  scapm 
articulating  with  the  sternum  as  i 
hitherto  been  discovered.      The  for^ 


Fig.  3:n.—PliniJacl}ilia  tmirt 

humerus,  ulna  and  radius,  carp\ 
toAich  the  inner  three  arc  sh^rt  a 

most  is  clawless  and  is  cnormou 
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sstion  as  to  their  being  genuine  Reptiles.  The  only 
,  •however,  now  existing,  which  possess  any  power  of 
ig  themselves  in  the  air,  are  the  little  Dragons  (praco\ 
;e  can  only  take  extended  leaps  from  tree  to  tree,  and 
)e  said  to  have  any  power  of  flight  properly  so  called, 
e  Pterodactyles,  on  the  other  hand,  possessed  the 
f  genuine  flight,  is  shown  by  the  presence  of  a  median 
m  the  sternum,  proving  the  existence  of  unusually  de- 
pectoral  muscles;  by  the  articulation  of  the  coracoid 
ith  the  top  of  the  sternum,  providing  a  fixed  point  or 
for  the  action  of  the  pectoral  muscles;  and,  lastly, 
ixistence  of  air-cavities  in  the  bones,  giving  the  animal 
sssary  degree  of  lightness.  The  apparatus,  however, 
was  not  a  "  wing,"  as  in  Birds,  but  a  flying  membrane, 
lilar  in  its  mode  of  action  to  the  patagium  of  the  Mam- 
>rder  of  the  Bats.  The  patagium  of  the  Bats,  however, 
x)m  that  of  the  Pterodactyles  in  being  supported  by 
Ltly-elongated  fingers,  whereas  in  the  latter  it  is  only 
Tmost  finger  which  is  thus  lengthened  out.  The  difii- 
to  the  position  of  the  Pterosauria  is  evaded  by  Mr 
t)y  placing  them  in  a  distinct  class,  which  he  terms 
sauria^  and  which  he  regards  as  most  nearly  related 
:oequal  with,  the  class  Aves. 

Pitrosauria  are  exclusively  Mesozoic,  being  found  from 
rer  Lias  to  the  Chalk  inclusive,  the  Lithographic  Slate 
ihofen  (Upper  Oolite)  being  particularly  rich  in  their 
.  Most  of  them  appear  to  have  attained  no  very  great 
t  the  remains  of  a  species  from  the  Cretaceous  rocks 
en  considered  to  indicate  an  animal  with  more  than 
Teet  expanse  of  wing,  counting  from  tip  to  tip. 
»e  genus  Pterodadylus  proper,  the  jaws  are  provided 
eth  to  their  extremities,  all  the  teeth  being  long  and 

Hmarphodon^  the  anterior  teeth  are  large  and  pointed, 

tenor  teeth  small  and  lancet-shaped. 

^.ampharhynchusy  the  anterior  portion  of  both  jaws  is 

ous,  and  may  have  formed  a  horny  beak,  but  teeth 

jent  in  the  hinder  portion  of  the  jaws. 

'ieranodouy  lastly,  the  jaws  are  completely  edentulous, 

re  probably  ensheathed  in  horn.     This  genus,  along 

me  small  forms,  includes  the  largest  known  members 

)rder. 

ER  IX.  DiNOSAURiA,  or  Deinosauria. — The  last  order 

let  Reptiles  is  that  of  the  Dinosauria^  comprising  a 

>f  very  remarkable  Reptiles,  which  are  in  some  respects 


*ia-  ?9^-L*g  of  Dtinouur.  il  IlioJ 
fschmin; /Fcnur:  f  Tibia:  i  l''ibul 
-\«IFU4lu^  ;  cit  Calcaikcum ;  nt  Meui 
(After  Hiudcy.) 
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5  ischium,  and  the  slendemess  of  the  pubes.  The 
is  like  that  of  a  bird,  and  in  some  cases  appears 
!Come  anchylosed  with  the  distal  end  of  the  tibia, 
arsal  bones,  however,  remain  distinct,  and  are  not 
with  any  of  the  tarsal  bones  to  form  a  "tarso- 


familiar  examples  of  the  Dinosauria  are  Megahsaurtts  and 

ntf  is  a  gigantic  Oolitic  Reptile,  which  occurs  also  in  the 
aics  (Weald  Clay).  Its  lengtn  has  been  estimated  at  between 
V  feet,  the  femur  and  tibia  each  measuring  about  three  feet 
\s  the  head  of  the  femur  is  set  on  nearly  at  right  angles  with 
list  all  the  long  bones  contain  large  medullary  cavities,  there 
ubt  but  that  Afegalosaurus  was  terrestrial  in  its  habits.  That 
orous  and  destructive  in  the  highest  degree  is  shown  by  the 
tnted,  and  trenchant  teeth. 

odon  is  mainly,  if  not  exclusively,  Cretaceous,  being  especially 
;  of  the  great  delta-deposit  of  the  Wealden.  The  length  of 
m  has  been  estimated  as  being  probably  from  fifty  to  sixty 
>in  the  close  resemblance  of  its  teeth  to  those  of  the  living 
«  is  little  doubt  that  it  was  herbivorous  and  not  carnivorous. 
r  a  lai^e  Iguanodon  measures  from  four  to  Bve  feet  in  length, 
iference  of  twenty-two  inches  in  its  smallest  part.  From  the 
tately  small  size  of  the  fore  limbs,  and  from  the  occurrence  of 
ntic  three-toed  footsteps  in  the  same  beds,  it  has  been  con- 
much  probability,  that  Iguanodon^  in  spite  of  its  enormous 
lave  walked  temporarily  or  permanently  upon  its  hind-legs, 
to  present  a  most  marked  and  striking  affinity  to  the  Birds, 
remarkable,  however,  of  the  Dinosauria^  is  the  little  Comp- 
tapes^  from  the  Lithographic  Slate  of  Solenhofen,  referred  to 
r  Aofessor  Huxley.  This  Reptile  is  not  remarkable  for  its 
oes  not  seem  to  have  been  much  more  than  two  feet,  but  for 
affinities  which  it  exhibits  to  the  true  Birds.  The  head  of 
us  was  furnished  with  toothed  jaws,  and  supported  upon  a  long 
neck.  The  fore-limbs  were  very  short,  but  the  hind-limbs 
id  like  those  of  Birds.  The  proximal  portion  of  the  tarsus 
at  of  Birds  in  being  anchylosed  to  the  lower  end  of  the  tibia  ; 
t/  portion  of  the  tarsus — imlike  that  of  Birds — was  free,  and 
lylosed  with  the  metatarsus.  Huxley  concludes  that  ''it  is 
>  look  at  the  conformation  of  this  strange  Reptile,  and  to 
hopped  or  walked  in  an  erect  or  semi-erect  position,  after  the 
Bird,  to  which  its  long  neck,  slight  head,  and  small  anterior 
ive  given  it  an  extraordinary  resemblance. " 
•ches  of  Professor  Phillips,  further,  have  now  ^hown  that  the 
^sanrus  of  the  Oolitic  and  Cretaceous  rocks,  formerly  referred 
/i7ia,  is  truly  a  Deinosaur.  Its  total  length  is  estimated  at 
less  than  sixty  or  seventy  feet. 


X.  Theriodontia. — This  order  has  been  founded 
)r  Owen  for  the  reception  of  a  number  of  carnivor- 
es from  deposits  of  Triassic  or  Permian  age.  The 
1  question  show  some  singular  Mammalian  affinities, 

2  M 
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especially  to  the  Beasts  of  Prey.  TltedaUUimis^tlitmtm 
ous  type,  the  teeth  being  in  three  distinct  sets — vix. ,  indtpn,  toMi^ 
and  molars,  and  the  canines  being  large  andp<mUei. 

In  Cynodraco,  which  may  be  regarded  as  the  type  of  Ai 
group,  the  canines  are  not  only  of  immense  uze,  bat  ue  Mm 


pressed  in  shape,  and  have  the  hinder  trenchant  border  of  Ihi 
tooth  minutely  serrated,  thus  resembht^  the  canines  of  ih 
Sabre-toothed  Tiger  {Machairodus).  The  humerus  is,  fiirtJtt 
furnished  with  a  "  supra-condyloid  foramen  "  (similar  to  lU 
of  the  humerus  o\  Felidiz  a.-n.A  other  carnivorous  Mammals)** 
the  protection  of  the  median  nerve  and  brachial  arteiTt* 
their  way  down  the  arm.  Whilst  Cynodraco  is  the  t]fpeoflte 
Tlieriodontia,  Prof  Owen  is  of  opinion  that  a  number  of  Mi* 
genera  (such  as  Gaksaunis,  Cyiiochampsa,  Lycosaitnu,  !x\ 
principtJIy  of  Triassic  age,  are  likewise  referable  to  the  i"* 
order. 
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CHAPTER    LXIV. 

CLASS     IV.  —  AVES. 

'^E  fourth  class  of  the  Vertebrata  is  that  oi  AveSy  or  Birds, 
le  Birds  may  be  shortly  defined  as  being  "  oviparous  Verte- 
fates  with  warm  blood,  a  double  circulation,  and  a  covering 
*  feathers  "  (Owen).  More  minutely,  however,  the  Birds  are 
sfined  by  the  possession  of  the  following  characters  : — 
The  embryo  possesses  an  amnion  and  allantois,  and  branchiae 
'  gills  are  never  developed  at  any  time  of  life  upon  the  visceral 
cies.  The  skull  articulates  with  the  vertebral  column  by  a 
i^le  occipital  condyle.  The  form  of  the  vertebral  centra 
Jies;  but  they  are  in  no  case  amphicoelous,  except  in  the 
markable  extinct  form  described  under  the  name  oilchihyor- 
s.  Each  half  or  ramus  of  the  lower  jaw  consists  of  a  number 
pieces,  which  are  separate  from  one  another  in  the  embryo ; 
d  the  jaw  is  united  with  the  skull,  not  directly,  but  by  the 
tervention  of  a  quadrate  bone  (as  in  the  Reptiles).  The  fore- 
3b  in  no  existing  birds  possesses  more  than  three  fingers  or 
gits,  and  the  metacarpal  bones  are  anchylosed  together.  In 
living  birds  the  fore-limbs  are  useless  as  regards  prehension, 
d  in  most  they  are  organs  of  flight.  The  hind-limbs  in  all 
^  have  the  ankle-joint  placed  in  the  middle  of  the  tarsus, 
5^  proximal  portion  of  the  tarsus  coalescing  with  the  tibia, 
d  the  distal  portion  of  the  tarsus  being  anchylosed  with  tlie 
Matarsus  to  constitute  a  single  bone  known  as  the  "  tarso- 
^tatarsus." 

The  heart  consists  of  four  chambers,  two  auricles,  and  two 
strides ;  and  not  only  are  the  right  and  left  sides  of  the 
ajft  completely  separated  from  one  another,  but  there  is  no 
CKununication  between  the  pulmonary  and  systemic  circula- 
*^^  as  there  is  in  Reptiles.  There  is  only  one  aortic  arch, 
^  Tight    The  blood  is  hot,  having  an  average  temperature  of 
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as  much  as  103®  to  104°.  The  blood-corpuscles  are  oval  and 
nucleated. 

The  respiratory  organs  are  in  the  form  of  spongy  cellular 
lungs,  which  are  not  freely  suspended  in  pleural  sacs ;  and  the 
bronchi  open  on  their  surface  into  a  number  of  air-sacs,  placed 
in  different  parts  of  the  body. 

All  birds  are  oviparous,  none  bringing  forth  tiieir  young 
alive,  or  being  even  ovo-viviparous.  AJl  birds  are,  lastly,  pro- 
vided with  an  epidermic  covering,  so  modified  as  to  constitute 
what  are  known  3&  feathers. 

Professor  Huxley's  account  of  the  method  in  which  feathers  are  prodoced 
is  so  remarkably  clear,  that  no  apology  is  necessary  for  quoting  it  in  its 
entirety.  Feathers  **  are  evolved  within  sacs  from  the  sar&ce  of  coiiicil 
])apill<x  of  the  dermis.  The  external  surface  of  the  dermal  papilla,  whence 
a  feather  is  to  be  developed,  is  provided  up>on  its  dorsal  surface  vith  1 
median  groove,  which  becomes  shallower  towards  the  apex  of  the  ptpilli. 
From  this  median  groove  lateral  furrows  proceed  at  an  open  angle,  lad 
passing  round  upon  the  under  surface  of  the  papilla,  become  shaUower, 
until,  in  the  middle  line,  opposite  the  dorsal  median  groove,  they  becoDe 
obsolete.  Minor  grooves  run  at  right  angles  to  the  lateral  furrows.  Hence 
the  surface  of  the  papilla  has  the  character  of  a  kind  of  mould,  and  if  it 
were  repeatedly  dipped  in  such  a  sul>stance  as  a  solution  of  gelatine,  and 
withdrawn  to  cool  until  its  whole  surface  was  covered  with  an  even  coal  of 
that  su])stance,  it  is  clear  that  the  gelatinous  coat  would  be  thickest  at  the 
basal  or  anterior  end  of  the  median  groove,  at  the  median  ends  of  the  ht^ 
ral  furrows,  and  at  those  ends  of  the  minor  grooves  which  open  into  than; 
whilst  it  would  be  very  thin  at  the  apices  of  the  median  and  lateral  groorcs, 
and  between  the  ends  of  the  minor  grooves.  If,  therefore,  the  hollow  cone 
of  gelatine,  removed  from  its  mould,  were  stretched  from  within,  or  if  it* 
thinnest  parts  became  weak  ])y  drying,  it  would  tend  to  give  way,  tl«K 
the  inferior  median  line,  opposite  the  rod-like  cast  of  the  median  gnxwc 


and  *barbules.*     In  point  of  fact,  in  the  development  of  a  feather,  sack*  ..;-= 
cast  of  the  dermal  papilla  is  formed,  though  not  in  gelatine,  but  in  the  bofif  y^ 
epidermic  layer  developed  upon  the  mould,  and  as  this  is  thrust  outinA  " 
it  opens  out  in  the  manner  just  described.    After  a  certain  period  of  groitk 
the  papilla  of  the  feather  ceases  to  be  grooved,  and  a  continuoos  )x/fl 
cylinder  is  formed,  which  constitutes  the  '  quill.*  " 

A  typical  feather  (fig.  297)  consists  of  the  following  parts  >- 
I.  The  "  quill ''  or  "  calamus"  (a\  which  forms  the  basal pf 
tion  of  the  feather,  by  which  it  is  inserted  in  the  skin  00* 
own  dermal  papilla.     It  is  the  latest-formed  portion  of  the^ 
ther,  and  consists  of  a  hollow  homy  cylinder.    2.  The  "shw 
or  "  rachis  "  (b\  which  is  simply  a  continuation  of  the 
and  which  forms  the  central  axis  of  the  feather.    The  iii         ^^ 
surface  of  the  shaft  always  exhibits  a  strong  longitudinaJp*^  -  rP 
and  it  is  composed  of  a  homy  external  sheath,  cootaiDi^f  -*  ^ 


VERTEBRATA:  AVES.  55 1 

mgy  substance,  very  like  the  pith  of  a  plant  3.  The 
ies  the  lateral  expansions  or  "  webs  "  of  the  feather, 
Qy constituting  the  "vane" 
lum."    Each  web  is  com- 

a  number  of  small  bran- 
icb  fonn  an  open  angle 
(haft,  and  which  are  known 
barbs"  (c).  The  margins 
ttrb  are,  in  turn,  furnished 
iesof  still  smaller  branches, 
tknown  as  the  "  barbules." 
leral  rule,  the  extremities 
rbules  are  hooked,  so  that 
ingmg  from  the  one  side 
baib  interlock  with  those 
:  Irom  the  opposite  side  of 

barb.  In  this  way  the 
i  kept  in  apposition  with 
her  over  a  greater  or  less 
)f  the  entire  web.  More 
if  the  barbs  in  the  lower 
f  the  feather  are,  however, 
,  and  not  connected  by 
butes;  and  these  consti- 
:is known  as  the  "down." 
itriches,  Emeus,  and  some 
Jl  the  barbs  of  the  fea- 
:  disconnected,  giving  to 
ige  of  these  birds  iis  pecu- 
:  character.  At  the  point 
le  shaft  joins  the  quill 
ay  generally  found  a  small 
mown  as  the  "accessory 
or  "  after- shaft "  ("hypo- 
This  is  usually  much  the 
Structure  as  the  main  fea- 

considerably  smaller.     It 
vever,  be  as  large  as  the 
fcatlier,  or  it  may  be  re-  ''t  o'2,r.?'"^f ^'/IC^^. 
I  nothing  more  than  a  tuft     *    hfT'*^  ^  'l"."  '»"'?■""' 


ben  nu;  Id  difleient  parts  of  the  bird,  and 
which  cover  the  body — "clothine  feathers 
■     «"■ 


genemUy  divided 
-and  those  which 
le  winn  and  tail — "  quill-featheis.       As  regards  the  great  quill- 
tk*  wu^t,  the  longest  are  those  which  ariK  from  the  bonet  at 
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the  hand,  and  they  are  called  the  "  primaries."  Those  which  ante  firoo 
the  distal  end  of  the  fore-arm  (radius  and  ulna)  are  termed  the  "seoood- 
aries,"  and  those  which  are  attached  to  the  proximal  end  of  the  foiMnn 
are  the  **tertiaries."  The  feathers  which  lie  over  the  hmnenu  and 
scapula  are  the  ** scapulars.'*  The  rudimentanr  ** thumb*'  also  ctnia 
some  quills,  which  form  what  is  known  as  the  "alula,**  or  *'  bastard-wing." 
The  smaller  feathers,  which  cover  the  bases  of  the  quill-featheis  ibove 
and  below,  are  the  **  wing-coverts  ** — "greater,**  *' lesser,**  and  "under." 
The  great  quill-feathers  of  the  tail  ("rectrices")  form  a  kind  of  fiui,of 
great  use  in  steering  the  bird  in  Aight ;  and  thdr  bases  are  covered  by  t 
series  of  feathers  which  constitute  the  **  tail-coverts.**  Generally  there  are 
ten  or  twelve  **  rectrices  ;  **  but  there  may  be  as  many  as  twenty-four  (as  ia 
the  Pelican),  or  rarely  more  ;  and  they  do  not  carry  **  accessory  p1nninles>" 
In  addition  to  the  "clothing-feathers  and  the  quill-featheis  of  the  wings 
and  tail,  the  body  is  protected  by  a  more  or  less  abundantly  developed 
coating  of  "down-feathers**  ("plumulx"),  in  which  the  baiboles  are  not 
hooked,  and  the  barbs  are  therefore  free.  In  some  cases  there  is  no  shaft 
to  the  down-feathers,  and  the  barbs  are  attached  in  a  tuft  to  the  end  of  die 
quilL  In  other  cases,  the  feathers  closely  approximate  to  hairs  in  (txm, 
being  very  long,  slender,  and  flexible.  These  "  filoplunue  **  consist  of  a 
delicate  shaft,  either  destitute  of  vanes,  or  carrying  a  few  barbs  at  the 
extremity. 

Though  apparently  comp»IeteIy  covered  with  feathers,  these  appendage 
are  really  almost  always  confined  to  certain  special  tracts  ( "  pterylx  ")  in 
the  body  of  a  bird,  the  intervening  spaces  ("apteria**)  being,  with  few 
exceptions,  naked.  These  feathered  and  unfeathered  regions  arc  definite 
in  form,  size,  and  arrangement  in  many  great  groups  of  birds,  and  can  th&s 
be  used  as  an  important  aid  to  classification. 

The  entire  skclcion  of  the  Birds  is  singularly  compact,  and  at 
the  same  time  singularly  light.  The  compactness  is  due  to  the 
l)resence  of  an  unusual  amount  of  phosphate  of  lime ;  and  the 
lightness,  to  the  absence  in  many  of  the  bones  of  the  ordinary 
marrow,  and  its  replacement  by  air. 

As  regards  the  veriebral  column^  birds  exhibit  some  very  in- 
teresting peculiarities.  The  cervical  region  of  the  spine  is 
unusually  long  and  flexible,  since  the  fore-limbs  are  useless  as 
organs  of  prehension,  and  all  acts  of  grasping  must  be  exer- 
cised either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting 
in  conjunction.  In  all  birds  alike,  the  neck  is  sufficiently  long 
and  flexible  to  allow  of  the  application  of  the  beak  to  an  oO- 
gland  placed  at  the  base  of  the  tail,  this  act  being  necessary 
for  the  due  performance  of  the  operation  of  "preening" — that 
is,  of  lubricating  and  cleaning  the  plumage.  The  cenical 
vertebrae  vary  in  number  from  eight  to  twenty-three.  The 
front  faces  of  their  centra  are  cylindroidal  (spheroidal  in 
Penguins),  coiwexfrom  aboi'e  dmvnwards^  and  concave  from  sUt 
to  side,  the  posterior  faces  being  concave  from  above  down- 
wards and  convex  from  side  to  side.  Hence  in  vertical  sec- 
tion, the  vertebrae  appear  to  be  opisthocoelouSy  and  in  horiumt» 
section  precocious.     This  structure  of  the  cervical  vertebrae  is 
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ghly  characteristic  of  Birds.  The  dorsal  vertebrae  vary  from 
t  to  ten  in  number,  and  of  these  the  anterior  four  or  five  are 
merally  anchylosed  with  one  another,  so  as  to  give  a  base  of 
sistance  to  the  wings.  In  the  Cursorial  Birds,  however  (such 
;  the  Ostrich  and  Emeu),  and  in  some  others  (such  as  the 
enguin),  in  which  the  p>ower  of  flight  is  wanting,  the  dorsal 
artebrse  are  all  more  or  less  freely  movable  one  upon  another, 
here  are  no  lumbar  vertebrae,  but  all  the  vertebrae  between 
le  last  dorsal  and  the  first  caudal  (varying  from  nine  to 
renty)  are  anchylosed  together  to  form  a  bone  which  is  or- 
inarily  known  as  the  "  sacrum."  To  this,  in  turn,  the  iliac 
ones  are  anchylosed  along  their  whole  length,  giving  perfect 
omobility  to  this  region  of  the  spine  and  to  the  pelvis. 
The  coccygeal  or  caudal  vertebrae  vary  in  number  from  eight 
» ten,  and  are  movable  upon  one  another.  In  reality,  how- 
rcr,  the  number  of  caudal  vertebrae  is  much  greater  than  the 
X)ve,  since*some  of  the  vertebrae  of  the  anchylosed  "  sacrum  " 
ropcrly  fall  to  be  counted  in  this  region,  and  the  "  plough- 
lare-bone  "  consists  of  more  than  one  vertebra.  The  most 
iticeable  feature  about  this  part  of  the  spinal  column  is  what 
known  as  the  "  ploughshare-bone."  This  is  the  last  joint 
!"  the  tail,  and  is  a  long,  slender,  ploughshare-shaped  bone, 
»titute  of  lateral  processes,  and  without  any  medullary  canal 
ig.  301,  B).  In  reality  it  consists  of  two  or  more  of  the 
ludid  vertebrae,  completely  anchylosed,  and  fused  into  a 
Dgle  mass.  It  is  usually  set  on  to  the  extremity  of  the  spine 
an  angle  more  or  less  nearly  perpendicular  to  the  axis  of  the 
xiy ;  and  it  affords  a  firm  basis  for  the  support  of  the  great 
liU-feathers  of  the  tail  (**  rectrices ").  It  also  supports  the 
Kxygeal  oil-glands,  and  can  be  raised  at  pleasure,  so  as  to 
ect  the  bill,  when  the  operation  of  preening  is  in  progress. 
{  the  Cursorial  Birds,  which  do  not  fly,  the  terminal  joint 

the  tail  is  not  ploughshare-shaped.  In  the  extraordinary 
esozoic  bird,  the  Archaoptcryx  macmra^  there  is  no  plough- 
are-bone,  and  the  tail  consists  of  twenty  separate  vertebrae, 
L  distinct  from  one  another,  and  each  carrying  a  pair  of  quill- 
ithers,  one  on  each  side  (fig.  301).  As  the  vertebrae  of  the 
oughshare-bone  are  distinct  from  one  another  in  the  em- 
yoB  of  existing  birds,  the  tail  of  the  Archaopteryx  is  to  be 
j;arded  as  a  case  of  the  permanent  retention  in  the  adult 

an  embryonic   character.      In   the  increased  number  of 
udal  vertebrae,  however,  and  in  some  other  characters,  the 
1  of  the  Archaopteryx  makes  a  decided  approach  to  the  true 
^Iitiles. 
The  various  bones  which  compose  the  skull  of  Birds  are 
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amalgamated  in  the  adult  so  as  to  fonn  a  single  piece,  and  the 
sutures  even  are  obliterated,  the  lower  and  upper  jaws  alone  it- 
maining  movable.  The  occipital  bone  carries  a  sinj^  ocdpitil 
condyle  only,  and  this  is  hemispherical  or  nearly  globulai  in 
shape.  The  "beak"  (fig.  398),  which  forms  such  a conspicnDiu 
feature  in  all  birds,  consists  of  an  upper  and  lower  halt  m 
"superior"  and  "inferior  mandible."  The  upper  mandible ii 
composed  almost  entirely  of  the  greatly  elongated  interoiaiilliiT 
bones  flanked  by  the  comparatively  small  superior  maiillx- 
The  inferior  mandible  is  primitively  composed  of  twelve  pieici, 
six  on  each  side ;  but  in  the  adult  these  are  all  indisdoguisliablr 


amalgamated  with  one  another,  and  the  lower  jaw  forms  1  single 
piece.  As  in  the  Reptiles,  the  lower  jaw  articulates  with  tk 
skull,  not  directly,  but  through  the  intervention  of  a  distinci 
bone — the  quadrate  bone  or  tympanic  bone^ — which  alwp 
remains  permanently  movable,  and  is  never  anchylosed  wi4 
the  skull.  In  no  living  bird  are  teeth  ever  developed  in  eithd 
jaw,  but  both  mandibles  are  encased  in  horn,  fonning  the  beat 
and  the  margins  of  the  bill  are  sometimes  serrated.  The 
quadrate  bone  ("  os  carr^  "  of  the  French)  is  in  contaa  at  iW 
end  with  an  elongated  bone  ( jugal  bone),  the  other  end  of  »hiii 
comes  against  the  palate.  By  the  depression  of  the  lowff  ji». 
assisted  by  proper  muscles,  the  quadrate  bone  is  brought  to- 
ward, and  the  jugal  bone  is  thus  made  to  elevate  the  paltf 
and  upper  jaw.  With  one  or  two  exceptions  the  upper  mandibfc 
is  thus,  movable  in  all  birds. 

The  thoracic  cavity  is  hounded  behind  by  the  dorsal  yttlf- 
brae,  which  are  usually,  as  before  said,  anchylosed  to  oiKt» 
ther  to  a  greater  or  less  extent  Laterally,  the  thorax  is  boundrf 
by  the  ribs,  which  vary  in  number  from  six  to  ten  pain-  ^ 
most  birds,  each  rib  carries  a  peculiar  process — the  "undn^ 
process" — which  arises  from  its  posterior  margin,  is dirK"* 
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ards  and  backwards,  and  i)asses  over  the  rib  next  in  succes- 
behind,  where  it  is  bound  down  by  ligament.  The  first 
last  dorsal  ribs  carry  no  uncinate  processes,  and  in  some 
S  the  processes  continue  throughout  life  as  separate  pieces 
299,  B).  Anteriorly,  the  ribs  articulate  with  a  series  of 
ght  bones,  which  are  called  the  "  sternal  ribs,"  but  which 
ality  are  to  be  looked  upon  as  the  ossified  "  costal  carti- 
S."  These  sternal  ribs  {fig.  299,  B)  are  in  turn  movably 
rulated  to  the  sternum  in  front,  and  "  they  are  the  centres 
a  which  the  respiratory  movements  hinge"  (Owen).  In 
t  the  thoracic  cavity  is  completed  by  an  enormously-ex- 
3ed  sternum  or  breast-bone,  which  in  some  birds  of  great 
ers  of  flight  extends  over  the  abdominal  cavity  as  well,  in 
e  cases  even  reaching  the  pelvis.  The  sternum  of  all 
s  which  fly,  is  characterised  by  the  presence  of  a  greatly- 
sloped  median  ridge  or  keel  (fig.  199,  A),  to  which  are  at- 
icd  the  great  pectoral  muscles  whicli  mo^'e  the  wings.  As  a 
aal  rule,  the  size  of  this  sternal  crest  allows  a  very  tolerable 
nate  to  be  formed  of  tlie  flying  powers  of  the  bird  to  which 
ay  have  belonged ;  and  in  the  Ostriches  and  other  birds 
;h  do  not  fly,  there  is  no  sternal  keel.  At  its  anterior 
es  the  sternum  exhibits  two  pits  for  the  attachment  of  the 
coid  bones. 

Tie  scapular  or  pectoral  arch  consists  of  ihe  shoulder-blade 
capula,  the  collar-bone  or  clavicle,  and  the  coracoid  bone, 
lach  side.  The  scapula,  as  a  rule  (fig.  299,  A,  1  s),  is  a 
lie  elongated  bone,  not  Rattened  out  into  a.  broad  plate, 
carrying  no  transverse  ridge,  or  spinous  process.  Only  a 
ion  of  Uie  glenoid  cavity  for  the  articulation  with  ihe  head 
le  humerus  is  formed  by  the  scapula,  the  remainder  being 
led  by  the  coracoid.  The  coracoid  bones  (fig.  299,  A,  i  A) 
espond  with  the  coracoid  processes  of  man ;  but  in  birds 
'  Are  distinct  bones,  and  are  not  anchylosed  with  the  scap- 
The  coracoid  bone  on  each  side  is  always  the  strongest 
he  bones  forming  the  scapular  arch.  Superiorly  it  articu- 
s  with  the  clavicle  and  scapula,  and  forms  part  of  the 
loid  cavity  for  the  humerus,  Inferiorly  each  coracoid  bone 
[nilates  with  the  upjier  angle  of  the  sternum.  The  position 
;he  coracoids  is  more  or  less  nearly  vertical,  so  that  they 
n  fixed  points  for  the  action  of  the  wings  in  their  down- 
■d  stroke.  The  clavicles  (fig.  299,  A,  e)  are  rarely  nidimen- 
t  or  absent,  and  are  in  some  few  cases  separate  bones.  In 
!  great  majority,  however,  of  birds,  the  clavicles  are  anchy- 
ed  together  at  their  anterior  extremities,  so  as  to  form  a 
S'k  bone,  somewhat  V-shaped,  popularly  knoivTi  as  the 


'i.:^ 


Fie,  ^  -A,  tin 
7  Stem  um,  wilt 


he  tlenul  kett ;  i  j  Sci 
cupus  ;  tf  PhtUuif 


Eagle:  naRibfi 

articulate  with  the  scapula  and 
angle  is  commonly  united  by  li 
num.  The  function  of  the  cla' 
oppose  the  forces  which  tend 
towards  the  mesial  plane,  durin 
wing"  (Owen).  Consequently 
their  angle  of  union  is  more  Op 
of  flight  possessed  by  each  bird, 
in  the  Ostrich,  Emeu,  and  Casi 


VERTEBRATA:  AVES.  557 

te  bone,  the  humenis,  which  is  short  and  strong,  and 
ates  above  with  the  articular  cavity  formed  partly  by 
apula  and  partly  by  the  coracoid  (fig.  300,  A).    The 


I  Mttaciitpal^ 


tremitia  » fi  /  PluUuife*  of  liDEcn. 


US  is  succeeded  distalty  by  the  fore-arm  {antitrachium), 
nted  by  the  normal  two  bones,  the  radius  and  ulna 
>o,  r,  u),  of  which  the  radius  is  the  smaller  and  more 
r,  and  the  ulna  the  larger  and  stronger.     The  ulna  and 

are  followed  inferiorly  by  the  bones  of  the  wrist  or 

;  but  these  are  reduced  in  number  to  tivo  small  bones, 
dial  and  one  ulnar,  "so  wedged  in  between  the  anti- 
iia  and  metacarpus  as  to  limit  the  motions  of  the  hand 
X  of  abduction  and  adduction  necessary  for  the  folding 
1  expansion  of  the  wing ;  the  hand  is  thus  fixed  in  a 
)f  pronation  ;  all  power  of  flexion,  extension,  or  of  rota- 
I  removed  from  the  wrist-joint,  so  that  the  wing  strikes 

and  with  the  full  force  of  the  contraction  of  the  de- 
r  muscles,  uixin  the  resisting  air"  (Owen).  One  other 
>f  the  norm^  carpus  (namely,  the  "os  magnum")  is  pre- 
3Ut  this   is    anchylosed  with  one  of  the   metacarpals. 

are  thus  really  three  carpal  bones,  though  only  two 


till.-  tivo  (:is  bi^iiiL;  luaily  comi-os. 
carries  the  digit  whicli  has  the 
This  digit  corresponds  with  the 
posed  of  two,  or  sometimes  thre 
the  proximal  end  of  this  metac 
generally  attached  a  single  phal: 
"thumb"  (fig.  300,  /),  which  ca 
is  sometimes  furnished  with  t 
attached  to  the  ulnar  metacarpi 
linger,  and  never  consists  of  in< 
300).  In  the  Apteryx  and  the 
complete  digit  to  the  hand. 

As  regards  the  structure  of  th 
limb,  the  pieces  which  compose  t 
the  ilium,  ischium,  and  pubes)  a 
another;  and  the  two  innomini 
chylosed,  by  the  medium  of  the 
sacral  region  of  the  spine.  In 
the  single  exception  of  the  Ostr 
united  in  the  middle  line  in  firon 
stability  of  the  pelvic  arcli,  nee 
port  the  weight  of  the  body  on  t 
secured  in  all  ordinary  cases  by 
the  sacrum. 

Ab  in   the  hipher  Vertebratw 
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cnasisting  of  two  bones  representing  the  astragalus  and  cal- 
canenm  or  the  former  only,  is  undistinguishably  amalgamated 


Jtt  30I-— A,  HtDd-limb  of  th(  Loon  (C/>{ymhtt riia'aiu)—iitttr  Owa 
boDC  ;  yrhish-boDE  or  femur  :  (  Tibia,  wilh  the  proiinial  portion 
dtTloRd  to  It!  lower  end  :  •- Fibula;  m  Tano-meUlanui.  coiuiui 


rith  the  lower  end  of  the  tibia.  The  distal  portion  of  the 
anus  is  anchylosed  with  the  second,  third,  and  fourth  meta- 
arsals  to  constitute  the  most  characteristic  bone  in  the  leg  of 
he  Bird — the  "tarso-metatarsus"  (»i).  In  most  of  the  long- 
esged  birds,  such  as  the  Waders,  the  disproportionate  length 
n  the  leg  is  given  by  an  extraordinary  elongation  of  the  tarso- 
aetatarsus. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
he  foot  In  most  birds  the  foot  consists  of  three  toes  directed 
DTwards  and  one  backwards — four  toes  in  alL  In  no  wild 
«rd  are  there  mare  than  four  toes,  but  ot^en  there  are  only 
hree,  and  in  the  Ostrich  the  number  is  reduced  to  twa  In 
31  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
he  poateiior  thumb  or  hallux  (that  is  to  say,  the  innerm^ 
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digit  of  the  hind-limb)  which  is  directed  backwards ;  and  it 
invariably  consists  of  two  phalanges  only,  its  metatanal  being 
incomplete  and  united  as  a  rule  to  the  tarso-metatarsos  by 
ligament  onl v.  The  most  internal  of  the  three  anterior  toes 
(the  "index")  consists  of  three  phalanges;  the  next  ("middleT 
has  four  phalanges;  and  the  outermost  toe  (''annularis*)  is 
made  up  of  five  phalanges  (fig.  301,  A).  This  increase  in  an 
arithmetical  ratio  of  the  phalanges  of  the  toes,  in  proceedii^ 
from  the  inner  to  the  outer  side  of  the  foot,  obtains  in  almost 
all  birds,  and  enables  us  readily  to  detect  which  digit  is  sop- 
pressed,  when  the  normal  four  are  not  all  present  Variations 
of  different  kinds  exist,  however,  in  the  number  and  disposi- 
tion of  the  toes.  In  many  birds — such  as  the  Ptoots— the 
outermost  toe  is  turned  backwards,  so  that  there  are  two  toes 
in  front  and  two  behind,  whilst  in  the  Trogons  the  inner  toe  is 
turned  back  with  the  hallux,  and  the  outermost  toe  is  tamed 
forwards.  In  others,  again,  the  outer  toe  is  normally  directed 
forwards,  but  can  be  tunied  backwards  at  the  will  of  the  ani- 
mal. In  the  Swifls,  on  the  other  hand,  all  four  toes  are  p^^ 
sent,  but  they  are  all  turned  forwards.  In  many  cases— 
especially  amongst  the  Natatorial  birds — the  hallux  is  wholly 
wanting,  or  is  rudimentary.  In  the  Emeu,  Cassowarj',  Bus- 
tards, and  other  genera,  the  hallux  is  invariably  absent,  and 
the  foot  is  three-toed.  In  the  Ostrich  both  the  hallux  and  the 
next  toe  ("  index  ")  are  wanting,  and  the  foot  consists  simply 
of  two  toes,  these  being  the  outer  toe  and  the  one  next  to  it 
The  toes  are  mechanically  flexed  during  the  sleep  of  mosi 
birds  by  the  action  of  a  special  muscle  which  runs  firom  the 
pubis  outside  the  knee  to  join  one  of  the  flexors  of  the  toes 
(the  flexor  digitorum  perforatus),  and  which  is  therefore  put 
on  the  stretch  whenever  the  leg  is  bent  upon  the  thigh. 

The  digestive  system  of  birds  comprises  the  beak,  tongue, 
gullet,  stomach,  intestines,  and  cloaca.  Teeth  are  invariably 
wanting  in  living  birds,  and  the  jaws  are  encased  in  horn,  con- 
stituting the  bill.  In  the  extinct  Odontopteryx^  however,  the 
osseous  substance  of  the  jaws  is  prolonged  into  tooth-like 
processes  of  two  sizes ;  and  in  the  Odontomithes  of  the  (^ 
taceous  period  the  jaws  are  furnished  with  true  teeth  implanted 
in  distinct  sockets.  The  form  of  the  bill  varies  enormously 
in  different  birds,  and  it  is  employed  for  holding  and  tearing 
the  prey,  for  prehensile  purposes,  for  climbing,  and  in  some 
birds  as  an  organ  of  touch.  In  these  last-mentioned  cases  the 
bill  is  more  or  less  soft,  and  is  supplied  with  filaments  of  ^  ' 
fifth  nerve.  In  many  birds,  too,  in  which  the  bill  is  not  soft, 
the  base  of  the  upper  mandible  is  surrounded  by  a  circle  cf  ' 
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Ida,  constituting  what  is  called  the  "cere,"  and  this, 
t,  serves  also  as  a  tactile  organ, 
ongue  of  birds  can  hardly  be  looked  upon  as  an  oi^an 
since  it  is  generally  cosed  in  hom  like  the  mandibles. 
fact,  principally  employed  as  an  organ  of  prehension ; 
»ne  cases — as  in  the  Parrots — it  is  soft  and  fleshy,  and 
ubtless,  is  to  some  extent  connected  with  the  sense 
It  is  essentially  composed  of  a  prolongation  of  the 
one  (the  glosso-hyal),  which  is  sheathed  in  hom,  and 
isly  serrated  or  fringed. 

ry  glands  are  invariably  present,  but  they  are  rarely 
size  (they  are  very  large  in  the  Woodpeckers  and 
uid  they  have  often  a  very  simple  structure. 
;ordance  with  the  structure  of  the  neck,  the  gullet  in 
usually  of  great  length,  and  it  is  generally  very  dilat- 
n  the  carnivorous,  or  Raptorial,  and  in  the  granivorous 
le  gullet  (fig.  303,  0)  is  dilated  into  a  pouch,  which  is 


at  the  lower  part  of  the  neck,  just  in  front  of  the 
lought.  This  is  what  is  known  as  the  "crop"  or 
ies    (c),  aod  it  may  be  either  a  mere  dilatation  of  the 

2  N 
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tube  of  the  gullet,  or  it  may  be  a  single  or  double  pouch. 
The  food  is  detained  in  the  crop  for  a  longer  or  shorter  time, 
according  to  its  nature,  before  it  is  subjected  to  the  action  of 
the  proper  digestive  organs.  The  oesophagus,  after  leavii^ 
the  crop,  shortly  opens  into  a  second  cavity,  which  is  known 
as  the  **  proventriculus  "  or  "  ventriculus  succenturiatus''(/). 
This  is  the  true  digestive  cavity,  and  its  mucous  membrane 
is  richly  supplied  with  gastric  follicles  which  secrete  the  gastric 
juice.  The  proventriculus,  however,  corresponds  not  with  die 
whole  stomach  of  the  Mammals,  but  only  with  its  cardiac 
portion ;  and  it  opens  into  a  second  muscular  cavity,  which 
corresponds  to  the  pyloric  division  of  the  Mammalian  stomadi. 
The  gizzard  (g)  is  situated  below  the  liver,  and  forms  in  all 
birds  an  elongated  sac,  having  two  apertures  above,  of  which 
one  conducts  into  the  duodenum,  or  commencement  of  the 
small  intestine,  whilst  the  other  communicates  with  the  pro- 
ventriculus. The  two  chief  forms  of  gizzard  are  exhibited 
respectively  by  the  Raptorial  birds,  which  feed  on  easily- 
digested  animal  food,  and  the  Rasores  and  some  of  the  Nata- 
tores,  which  feed  on  hardly-digested  grains.  In  the  birds  of 
Rapine  the  gizzard  scarcely  deserves  the  name,  being,  as  a 
rule,  nothing  more  than  a  wide  membranous  cavity  with  thin 
walls.  In  the  granivorous  birds,  whose  hard  food  requires 
crushing,  the  gizzard  is  enonnously  developed ;  its  lining  coat 
is  formed  of  a  thick,  horny  epithelium,  and  its  walls  are  ex- 
tremely thick  and  muscular.  This  constitutes  a  grinding 
apparatus,  like  the  stones  of  a  mill;  whilst  the  "crop"  or 
oesophageal  dilatation  maybe  compared  to  the  "hopper^  of 
a  mill,  since  it  supplies  to  the  gizzard  "small  successive  quan- 
tities of  food  as  it  is  wanted "  (Owen).  Supplementing  the 
action  of  the  muscular  walls  of  the  gizzard,  and  acting  in  the 
place  of  teeth,  are  the  small  stones  or  pebbles,  which,  as  is  so 
well  known,  so  many  of  the  granivorous  birds  are  in  the  habit 
of  swallowing  with  their  food,  or  at  other  times.  In  fact  there 
can  be  no  doubt  but  that  the  gravel  and  pebbles  swallowed 
by  these  birds  are  absolutely  essential  to  existence,  since  the 
gizzard,  without  this  assistance,  is  unable  properly  to  triturate 
the  food. 

The  intestinal  canal  extends  from  the  gizzard  to  the  cloaca, 
and  is,  comparatively  speaking,  short.  The  secretions  of  the 
liver  and  pancreas  are  poured  into  the  small  intestine,  as  m 
Mammals.  The  commencement  of  the  large  intestine  is  al- 
most always  furnished  with  two  long  "caeca"  or  blind  tubes, 
the  length  of  which  varies  a  good  deal  in  different  birds  (fig- 
302,  k\     They  are  sometimes  wanting;  and  their  exact fun^ 
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tion  is  uncertain ;  though  they  are  most  probably  connected 
partly  with  digestion  and  partly  with  excretion.  The  large 
intestine  is  always  very  short — seldom  more  than  a  tenth  part 
of  the  length  of  the  body — and  it  terminates  in  the  "cloaca" 
{^.  302,  cl).  This  is  a  cavity  which  in  all  birds  receives  the 
termination  of  the  rectum,  the  ducts  of  the  generative  organs, 
and  the  ureters ;  and  serves,  therefore,  for  the  expulsion  of  the 
fieces,  the  generative  products,  and  the  urinary  secretion. 

Rapiration  is  effected  in  Birds  more  completely  and  actively 
than  in  any  other  class  of  (he  Verlebrata,  and  as  the  result  of 
this,  their  average  temperature  is 
also  higher.  This  extensive  de- 
Telopmcnt  of  the  respiratory  pro- 
cess is  conditioned  by  the  fact 
that,  in  addition  to  true  lungs,  air 
is  admitted  into  a  greater  or  less 
number  of  the  bones,  and  into  a 
nmnber  of  cavities — the  so-called 
air-receptacles  —  which  are  distri- 
buted through  various  parts  of 
the  body.  By  this  extensive 
penetration  of  air  into  various 
parts  of  the  body,  the  aeration 
of  the  blood  is  effected  not  only 
in  the  lungs,  but  also  over  a 
greater  or  less  extent  of  the  sys- 
temic circulation  as  well  ;  and 
hence  in  Birds  this  process  attains 
its  highest  perfection.  The  cavi- 
ties of  the  thorax  and  abdomen 
ftR  not  separated  from  one  an- 
other by  a  complete  partition,  the 
diaphragm  being  only  present  in 
*  nidiraentary  form.  The  lungs 
>«  two  in  number,  of  a  bright- 
'^A  colour,  and  spongy  texture. 
tliey  are  confined  to  the  back  of 
he  thorax,  extending  along  each 
*<le  of  the  spine,  from  the  second 

l«rsal  vertebra  to  the  kidney.  They  difler  from  the  lungs 
*€  the  Mammals  in  not  being  freely  suspended  in  a  pleu- 
W  membrane.  The  pleura,  on  the  other  hand,  is  reflected 
•fcly  over  the  anterior  surface  of  the  lungs.  The  bronchi,  or 
Wimary  divisions  of  the  windpipe  ffig.  303),  diminish  in  size 
«  they  pass  through  the  lung,  by  giving  off  branches,  which, 
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in  turn,  give  oflf  the  true  air-vesicles  of  the  lung.  Wh^  the 
bronchial  tubes  reach  the  surface  of  the  lung,  they  open,  by  a 
series  of  distinct  apertures,  into  a  series  of  "  air-sacs.".  These 
are  a  series  of  membranous  sacs  formed  by  the  continuati(»  of 
the  lining  membrane  of  the  bronchi,  and  supported  by  reflec- 
tions of  the  serous  membrane  of  the  thoracico-abdominal  cavity. 
In  those  aquatic  birds  which,  like  the  Penguin,  do  not  enjoy  the 
power  of  flight,  the  air-cells  are  restricted  to  the  abdomen ;  but 
in  most  birds  they  are  continued  along  the  sides  of  the  neck 
and  limbs.  In  some  cases — as  the  Pelican  and  Gannet— 
air-receptacles  are  situated  beneath  almost  the  whole  of  the 
integument  The  air-cells  not  only  greatly  reduce. the  specific 
gravity  of  birds,  and  thus  fit  them  for  an  aerial  life,  but  also 
assist  in  the  mechanical  work  of  respiration,  and  must  also 
greatly  promote  the  aeration  of  the  blood. 

In  connection  with  the  air-receptacles,  and  as  an  extension 
of  them,  is  a  series  of  cavities  occupying  the  interior  of  a 
greater  or  less  number  of  the  bones,  and  also  containing  aii. 
In  young  birds  these  air-cavities  do  not  exist,  and  the  bones 
are  filled  with  marrow  as  in  the  Mammals.  The  extent  also 
to  which  the  bones  are  "pneumatic"  varies  greatly  in  diflfercnt 
birds.  In  the  Penguin — which  does  not  fly — all  the  bones 
contain  marrow,  and  there  are  no  air-cavities.  In  thelaige 
Running  birds  (Cursorcs),  such  as  the  Ostrich,  the  bones  of 
the  leg,  pelvis,  spine,  ribs,  skull,  and  sternum,  are  pneumatic; 
but  the  bones  of  the  wings,  with  the  exception  of  the  scapular 
arch,  are  without  air-cavities,  and  permanently  retain  their 
marrow.  All  birds  which  fly,  with  the  singular  exception  oi 
the  Woodcock,  have  air  admitted  to  the  humerus.  In  the 
Pelican  and  Gannet,  all  the  bones  of  the  skeleton,  except  the 
l)halanges  of  the  toes,  are  penetrated  by  air ;  and  in  the  Hom- 
bill  even  these  are  pneumatic  The  functions  discharged  br 
the  air-cavities  of  the  bones  appear  to  be  much  the  same  as 
those  of  the  air-receptacles — namely,  that  of  diminishing  the 
specific  gravity  of  the  body  and  subserving  the  aeration  oftbc 
blood. 

The  heart  in  all  Birds  consists  of  four  chambers,  two  auride 
and  two  ventricles.  The  right  auricle  and  ventricle,  constitut- 
ing the  right  side  of  the  heart,  are  wholly  concerned  with  the 
pulmonary  circulation ;  the  left  auricle  and  ventricle,  fonninj 
the  left  side  of  the  heart,  are  altogether  occupied  wth  the 
systemic  circulation;  and  no  communication  normally exiss 
in  adult  life  between  the  two  sides  of  the  heart  In  all  csstf- 
tial  details,  both  as  regards  the  structure  of  the  heart  itsdf  |_^ 
and  the  course  taken  by  the  circulating  fluid.  Birds  agree  vi* 
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tals.  The  venous  blood — namely,  that  which  has  circu- 
hrough  the  body — is  returned  by  the  venae  cavae  to  the 
uncle,  whence  it  is  poured  into  the  right  ventricle.  The 
entricle  propels  it  through  the  pulmonary  artery  to  the 
where  it  is  aerated,  and  becomes  arterial.  It  is  then 
ick  by  the  pulmonary  veins  to  the  left  auricle,  whence  it 
•n  into  the  left  ventricle.  Finally,  the  left  ventricle  pro- 
le  aerated  blood  to  all  parts  of  the  body  through  the 
ystemic  aorta. 

chief  difference  between  Birds  and  Reptiles  as  regards 
urse  of  circulation  is,  that  in  the  Birds  the  two  sides 
heart  are  completely  separated  from  one  another,  the 
sent  to  the  lungs  being  exclusively  venous,  whereas  that 
is  sent  to  the  body  is  exclusively  arterial.  In  Reptiles, 
;  other  hand,  the  pulmonary  and  systemic  circulations 
nnected  together  either  in,  or  in  the  immediate  neigh- 
)od  of,  the  heart ;  so  that  mixed  venous  and  arterial 
is  propelled  both  through  the  lungs  and  through  every 
f  the  body. 

Lccordance  with  their  extended  respiration  and  high  mus- 
ictivity,  the  complete  separation  of  the  greater  and  lesser 
tions,  and  the  perfect  structure  of  the  heart,  Birds  main- 
higher  average  temperature  than  is  the  case  with  any 
dass  of  the  Vertebrata,  This  result  is  also  to  a  consid- 
extent  conditioned  by  the  non-conducting  nature  of  the 
ned  down  and  feathers  which  form  the  integumentary 
ng  of  Birds. 

\  urinary  organs  of  Birds  consist  of  two  elongated  kid- 
ind  two  ureters,  but  there  is  no  urinary  bladder.  The 
J  open  into  the  cloaca,  or  into  a  small  urogenital  sac 
communicates  with  the  cloaca. 

regards  the  reproductive  organs^  the  males  have  two  testes 
\  above  the  upper  extremities  of  the  kidneys,  and  their 
it  ducts  i^fasa  deferent ia)  open  into  the  cloaca  alongside 
ureters.  A  male  organ  (penis)  may  or  may  not  be  pre- 
mt  there  is  no  perfect  urethra.  The  female  bird,  as  a 
J  rule,  is  provided  with  only  one  ovary  and  oviduct — 
f  the  left  side — the  corresponding  organs  of  the  right  side 
rudimentary  or  absent.  The  oviduct  is  very  long  and 
us,  and  the  tggj  during  its  passage  through  it,  receives 
numinous  covering  which  serves  for  the  nutrition  of  the 
o,  and  which  is  known  as  the  "  white  "  of  the  egg.  The 
portion  of  the  oviduct  is  dilated,  and  the  egg  receives 
:he  calcareous  covering  which  constitutes  the  "shell." 
^,  the  oviduct  debouches  into  the  cloaca,  into  which  the 
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egg,  when  ready,  is  expelled.  The  further  development  rf  the 
chick  is  secured  by  the  process  of  "  incubation  "  or  brooding, 
foi  which  birds  are  peculiarly  adapted,  in  consequence  of  the 
high  temperature  of  their  bodies. 

The  development  of  the  ovum  belongs  to  physiology,  and 
does  not  concern  us  here.  It  is  sufficient  to  notice  the  means 
by  which  in  many  cases  the  chick  is  ultimately  enabled  to 
escape  from  the  egg.  When  development  has  reached  a  stage 
at  which  external  life  is  possible,  it  is  of  course  necessary  for 
the  chick  to  be  liberated  from  the  egg,  the  shell  of  which  is 
often  extremely  hard  and  resistant.  To  this  end  the  young 
bird  is  provided  with  a  little  calcareous  knob  on  the  point  of 
the  upper  mandible,  and  by  means  of  this  it  chips  out  an  aper- 
ture through  the  shell  Having  effected  its  purpose,  thistcnipo- 
rary  appendage  then  disappears,  without  leaving  a  trace  behind. 

The  state  of  the  young  upon  exclusion  from  the  egg  is  very 
different  in  different  cases,  and  in  accordance  with  this,  Birds 
have  been  divided  into  the  two  sections  of  the  Auicfhagi  (X 
Arcs  prcBcoceSy  and  the  Heicrophagi  or  Avcs  altrices.  In  the 
Autophagi  the  young  bird  is  able  to  run  about  and  help  itself 
from  the  moment  of  Hberation  from  the  egg.  In  the  Hdtr^ 
phagi  the  young  are  bom  in  a  blind  and  naked  state,  unable 
to  feed  themselves,  or  even  to  maintain  unassisted  the  neces- 
sary vital  heat.  In  these  birds,  therefore,  the  young  require 
to  be  brooded  over  and  fed  by  the  parents  for  a  longer  or 
shorter  period  after  exclusion  from  the  eg^. 

As  regards  their  nervous  system,  the  brain  of  Birds  is  rela- 
tively larger,  especially  as  regards  the  size  of  the  cerebnun 
proper,  than  the  brain  of  Reptiles,  but  its  chief  mass  consists 
of  the  corpora  striata.  The  cerebellum  is  less  developed  than 
in  Mammals,  the  lateral  lobes  and  Pons  Varolii  being  rudi- 
mentary. The  corpus  callosum  is  absent,  and  the  surface  of 
the  cerebral  hemispheres  is  devoid  of  convolutions. 

As  regards  the  organs  of  the  senses,  the  eyes  are  always  well 
developed,  and  in  no  bird  are  they  ever  rudimentary  or  absent 
The  chief  peculiarity  of  the  eye  is  that  the  cornea  forms  a 
segment  of  a  much  smaller  sphere  than  does  the  eyeball  pro- 
])er,  so  that  the  anterior  part  of  the  eye  is  obtusely  conical 
whilst  the  posterior  portion  is  spheroidal.  Another  peculiarit)' 
is  that  the  form  of  the  eye  is  maintained  by  a  ring  of  fron> 
thirteen  to  twenty  bony  plates,  which  are  placed  in  the  anterior 
portion  of  the  sclerotic  coat.  Eyelashes  are  almost  universally 
absent ;  but  in  addition  to  the  ordinary  upper  and  lower  eye- 
lids, Birds  possess  a  third  membranous  eyelid — the  "  membrana 
nictitans  " — which  is  sometimes  pearly-white,  sometimes  more 
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)r  less  transparent.*  This  third  eyelid  is  placed  on  the  inner 
ide  of  the  eye,  and  possesses  a  special  muscular  apparatus,  by 
rhich  it  can  be  drawn  over  the  anterior  surface  of  the  eye,  like 
L  curtain,  moderating  the  intensity  of  the  light.  As  to  the 
>TgaLn  of  hearing,  most  birds  possess  no  external  ear  or  concha, 
)y  which  sounds  can  be  collected  and  transmitted  to  the  in- 
ernal  ear.  In  some  birds,  however,  as  in  the  Ostrich  and 
^tard,  the  external  meatus  auditorius  is  surrounded  by  a 
ircle  of  feathers,  which  can  be  raised  and  depressed  at  will. 
Fhe  Nocturnal  Birds,  also,  especially  Owls,  have  the  external 
meatus  auditorius  protected  by  a  musculo-membranous  valve, 
idiich  foreshadows  the  cartilaginous  concha  of  the  majority  of 
Mammals.  The  external  nostrils  in  Birds  are  usually  placed 
on  the  sides  of  the  upper  mandible,  near  its  base,  in  the  form 
of  simple  perforations,  which  sometimes  communicate  from 
side  to  side  by  the  deficiency  of  the  septum  narium.  In  the 
singular  Apieryx  of  New  Zealand,  the  nostrils  are  placed  at  the 
ertreme  end  or  tip  of  the  elongated  upper  mandible.  Some- 
times the  nostrils  are  defended  by  bristles,  and  sometimes  by 
1  scale  (Rasores),  Taste  must  be  absent,  or  almost  absent,  in 
the  great  majority  of  birds,  the  tongue  being  nothing  more  than 
1  homy  sheath  surrounding  a  process  of  the  hyoid  bone,  and 
serving  for  deglutition  or  to  seize  the  prey.  In  the  Parrots, 
liowever,  the  tongue  is  thick  and  fleshy,  and  some  perception 
>f  taste  may  be  present  Touch  or  tactile  sensibility,  too,  as 
ilready  remarked,  is  very  poorly  developed  in  Birds.  The 
xxiy  is  entirely,  or  almost  entirely,  covered  with  feathers ;  the 
interior  limbs  are  converted  into  wings,  and  rendered  thereby 
iseless  as  organs  of  touch;  and  the  posterior  limbs  are  covered 
rith  homy  scales  or  feathers.  The  bill  certainly,  officiates  as 
in  organ  of  touch,  but  it  cannot  possess  any  acute  sensibility, 
is  in  most  birds  it  is  encased  in  a  rigid  horny  sheath.  In 
lome  birds,  however,  such  as  the  common  Duck,  the  texture 
)f  the  bill  is  moderately  soft,  and  it  is  richly  supplied  with 
iUunents  of  the  fifth  nerve;  so  that  in  these  cases  the  bill 
ioubtless  constitutes  a  tolerably  efficient  tactile  organ.  The 
*cere,"  too,  or  the  fleshy  scale  found  at  the  base  of  the  bill  in 
©me  birds,  is  in  all  probability  also  used  as  a  tactile  organ. 
The   last  anatomical   peculiarity  of  Birds  which  requires 

*  The  membrana  nictitans  is  simply  a  fold  of  the  conjunctiva  on  the 
nner  side  of  the  eye.  It  occurs  in  some  Fishes  {e.g.^  some  Sharks),  in 
ome  Reptiles  and  Amphibians,  in  Birds,  in  Monotremes  and  Marsupials, 
rnd  in  some  of  the  higher  Mammals.  In  man,  however,  in  Monkeys, 
.nd  in  most  of  the  higher  Mammals,  it  is  rudimentary,  and  constitutes  the 
o-called  "plica  semilunaris." 
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notice  is  the  peculiar  apparatus  known  as  the  "  inferior  larynx," 
or  "  syrinx,"  by  which  the  song  of  the  singing  birds  is  con- 
ditioned. "  The  air-passages  of  birds  commence  by  a  simple 
superior  larynx^  from  which  a  long  trachea  extends  to  the  an- 
terior aperture  of  the  thorax,  where  it  divides  into  the  two 
bronchi^  one  for  each  lung.  At  the  place  of  its  division,  there 
exists  in  most  birds  a  complicated  mechanism  of  bones  and 
cartilages,  moved  by  appropriate  muscles,  and  constituting  the 
true  organ  of  voice;  tliis  part  is  termed  the  inferior  larynx"^ 
(Owen).  The  inferior  larynx  may  be  developed  from  the 
trachea  only,  before  the  division  of  this  tube  into  the  brondii; 
or,  it  may  be  developed  wholly  from  the  bronchi;  or, 
lastly,  it  may  be  developed  at  the  junction  of  the  trachea 
and  bronchi  and  out  of  both.  The  structure  of  the  vocal 
apparatus  is  extremely  complicated,  and  there  is  no  necessity 
for  entering  upon  it  here.  It  is  to  be  remembered,  however, 
that  those  modifications  of  the  voice  which  constitute  the  soqg 
of  birds,  are  produced  in  a  special  and  complex  cavity  placed 
at,  or  near,  the  point  where  the  trachea  divides  into  the  two 
bronchi,  and  not  in  a  true  larynx  situated  at  the  summit  of  the 
windpipe.  Lastly,  the  trachea  of  birds  is  always  of  considerable 
proportionate  length,  and  it  is  often  twisted  or  dilated  at  in- 
tervals, this  structure,  doubtless,  having  something  to  do  with 
the  production  of  vocal  sounds. 

Before  passing  on  to  the  consideration  of  the  divisions  of 
Birds,  a  few  words  may  be  said  as  to  the  migration  of  birds 
In  temperate  and  cold  climates  comparatively  few  birds  remain 
constantly  in  the  same  region  in  which  they  were  hatched. 
Those  which  do  so  remain,  are  called  **  permanent  birds"  (tf*'^ 
manentcs).  Other  birds,  such  as  the  Woodpeckers,  wander 
about  from  place  to  place,  without  having  any  fixed  direction. 
These  are  called  "  wandering  birds  "  (aves  erratica:)^  and  their 
irregular  movements  are  chiefly  conditioned  by  the  scarcity  or 
abundance  of  food  in  any  particular  locality.  Other  birds 
however,  at  certain  seasons  of  the  year  undertake  long  jour- 
neys, usually  uniting  for  this  purpose  into  large  flocks.  The>e 
birds — such  as  the  swallows,  for  instance — are  properly  ail^'j 
"  migratory  birds  "  (at'cs  migratorice).  The  movements  oi 
these  birds  are  conditioned  by  the  necessity  of  hanng  a  cer- 
tain mean  temperature,  and  consequently  they  leave  the  cold 
regions  at  the  approach  of  winter,  and  return  again  for  the 
warmer  season. 

Distribution  of  Birds  in  Time. — As  regards  the  geolo- 
gical distribution  of  Birds,  there  are  many  reasons  why  ^ 
should  be  cautious  in  reasoning  upon  merely  negative  e^'* 
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c^  and  more  than  ordinarily  careful  not  to  infer  the  non- 
tence  of  birds  during  any  particular  geological  epoch, 
ply  because  we  can  find  no  positive  evidence  for  their 
lence.  As  Sir  Charles  Lyell  has  well  remarked,  "  the 
tis  of  flight  possessed  by  most  birds  would  insure  them 
Jist  perishing  by  numerous  casualties  to  which  quadrupeds 
exposed  during  floods;"  and  "if  they  chance  to  be 
med,  or  to  die  when  swimming  on  water,  it  will  scarcely 
t  happen  that  they  will  be  submerged  so  as  to  become  pre- 
•ed  in  sedimentary  deposits,"  since,  from  the  lightness  of 
bones,  the  carcass  would  remain  long  afloat,  and  would 
liable  to  be  devoured  by  predaceous  animals.  As,  with  a 
ntterly  trivial  exceptions,  all  the  deposits  in  which  fossils 
found  have  been  laid  down  in  water,  and  more  especially 
bey  are  for  the  most  part  marine,  these  considerations  put 
rani  by  Sir  Charles  Lyell  aff^ord  obvious  ground  against  the 
idpation  that  the  remains  of  Birds  should  be  either  of 
[uent  occurrence  or  of  a  perfect  character  in  any  of  the 
iliferous  rocks.  In  accordance  with  these  considerations, 
a  matter  of  fact,  most  of  the  known  remains  of  birds  are 
ler  fragmentary  or  belong  to  forms  which  were  organised  to 
:  i  terrestrial  life,  and  were  not  adapted  for  flight. 
rhe  earliest  remains  which  have  been  generally  referred  to 
b  are  in  the  form  of  footprints  (fig.  304)  impressed  upon 


'^*^= 


Fig-  y>4.— Footprim  tuppOKd 


lin  sandstones  in  the  valley  of  the  Connecticut  River  in 
Vnited  States.     These  sandstones  are  almost  ceruinly 
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Triassic ;  and  if  the  ornithic  character  of  these  footprints  be 
admitted,  then  Birds  date  thein  existence  from  the  coIIlmenc^ 
ment  of  the  Mesozoic  period,  and,  for  anything  we  know  to 
the  contrary,  may  have  existed  during  the  Palaeozoic  epodi 
In  the  fact  that  these  footprints  are  three-toed,  and  are  cer- 
tainly the  tracks  of  bipedal  animals,  we  have  strong  evidence 
that  they  were  produced  by  birds.  On  the  other  hand,  it  is 
certain  that  some  of  the  Deinosaurian  Reptiles  of  the  Triassic 
period  walked  on  their  hind-legs  only,  and  it  is  highly  probable 
that  /Aey  were  the  real  authors  of  the  prints  in  quesuon.  If 
truly  ornithic,  we  must  admit  the  existence  in  the  Triassic 
period  of  a  considerable  number  of  kinds  of  Birds,  some  of 
which  must  have  been  of  colossal  dimensions,  but  this  qnesdoo 
does  not  admit  of  final  settlement  at  present 

The  first  unmistakable  remains  of  a  bird  have  been  fonnd 
in  the  Solenhofen  Slates  of  Bavaria,  of  the  age  of  the  Uflxr 
Oolites.  A  single  unique  specimen,  consisting  of  bones  and 
feathers,  but  unfortunately  without  the  skull,  is  all  that  his 
hitherto  been  discovered ;  and  it  has  been  named  the  Arda- 
opteryx  macrura.  The  characters  of  this  singular  and  abeinni 
bird,  which  alone  constitutes  the  order  Saurura^  will  be  given 
in  treating  of  the  order. 

In  the  Cretaceous  rocks,  not  only  do  we  find  the  renuuns 
of  Birds  of  the  type  now  existing,  but  we  meet  with  the  ex- 
traordinary "Toothed  Birds  "  {Odoritomit/ies\  which  seem  not 
to  have  survived  this  period,  and  which  will  be  spoken  of  m 
greater  detail  later  on.  Lastly,  almost  all  the  existing  ordfls 
of  Birds  are  represented  by  the  time  we  reach  the  middle  ot 
the  Tertiary  period,  and  the  distribution  and  characters  of  tbc 
more  important  fossil  forms  will  be  treated  of  in  discussu^ 
the  several  orders  in  question. 


CHAPTER   LXV 

DIVISIONS  OF  BIRDS. 
I.  General  Divisions  of  Aves.     2.  Cursores. 

Owing  to  the  extreme  compactness  and  homogeneity  of  ^ 
entire  class  Atcs,  conditioned  mainly  by  their  adaptation  to  tf 
aerial  mode  of  life,  the  subject  of  their  classification  has  beeo  I 
one  of  the  greatest  difficulties  of  the  systematic  Zoologist. 
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ly  Professor  Huxley  the  birds  are  divided  into  the  following 
»  orders : — 

.  SAURURiE. — In  this  order  the  caudal  vertebrae  are  nume- 
%  and  there  is  no  ploughshare-bone.  The  tail  is  longer 
n  the  body,  and  the  metacarpal  bones  are  not  anchylosed 
ether.  This  order  includes  only  the  single  extinct  bird  the 
thsufpttryx  macrura^  in  which  the  long  lizard-like  tail  is  only 
most  striking  of  several  abnormaHties. 
\,  RATiTiE.  —  This  order  comprises  the  Running  birds, 
ich  cannot  fly,  such  as  the  Ostriches,  Emeus,  and  Casso- 
cics.  It  is  characterised  by  the  fact  that  the  sternum  has 
median  ridge  or  keel  for  the  attachment  of  the  great 
:t(wal  muscles.  The  sternum  is  therefore  raft-like  (from 
\  Lat  rates,  a  raft),  hence  the  name  of  the  order. 
}.  CARiNATiE. — This  comprises  all  the  living  Flying  birds, 
i  is  characterised  by  the  fact  that  the  sternum  is  furnished 
ii  a  prominent  median  ridge  or  keel  (carina) ;  hence  the 
me  of  the  order.  The  numerous  subdivisions  of  this  order 
J  mainly  founded  upon  the  structure  of  the  palate. 
As  regards  the  above  primary  divisions  of  Birds,  there  can 
no  doubt  as  to  their  being  very  natural  sections.  A  fourth 
nsion,  of  equal  rank,  must  now  be  added  for  the  extinct 
kntornitlies,  and  all  four  divisions  may  be  best  considered 
sub-classes y  and  not  as  mere  orders*  No  difficulty,  also,  is 
be  found  in  subdividing  the  RatUa^  SaururcB^  and  Odon- 
nithes;  but  there  is  the  greatest  difficulty  in  establishing 
tural  subdivisions  amongst  the  great  sub-class  of  the  Cari- 
Utf  since  this  includes  by  far  the  greater  number  of  known 
ds.  The  classification  of  this  group  proposed  by  Professor 
udey  (like  that  of  Mr  Garrod),  descending,  as  it  does,  to  a 
at  number  of  secondary  groups,  is  not  only  too  compli- 
ed to  be  available  for  the  general  student,  and  therefore  to 
useful  in  a  work  of  the  present  nature ;  but  it  is  intended 
marily  for  the  anatomist,  and  not  for  the  systematic  zoolo- 
-  The  latter  requires  a  classification  based  upon  all  the 
iracters,  internal  and  external,  whereas  the  morphological 
thod  of  arrangement  selects  simply  single  structures  in  the 
:tomy  of  the  bird,  and  fixes  its  place  by  means  of  these, 
us,  Prof.  Huxley  founds  his  classification  of  the  Carinata 
m  the  structure  of  the  bony  palate.  This  method  of  classi- 
tion,  however,  though  of  the  greatest  use  to  the  compara- 
\  anatomist,  cannot  be  made  to  coincide  with  any  purely 
logical  mode  of  arrangement.     It  has,  therefore,  seemed 

If  this  view  be  taken,  it  will  be  advisable  to  give  the  name  of  Sauror- 
ts  to  the  sab-class,  and  to  reserve  the  title  oiSaurura  for  the  order. 


Sub-class  I. 

Order  Cursores.  —  The  fir 
the  Cursores,  or  Runners,  comp 
Cassowaries,  Emeus,  and  the  sing 
The  Cursores  are  characterised  I 
the  wings,  w/iUh  are  so  short  as  . 
the  compensating  length  and  streng 
with  this  condition  of  the  limb 
their  marrow,  and  the  sternum  ( 
prominent  ridge  or  keel,  to  which 
attached  (hence  the  name  of  Rati 
order).  In  the  Ostrich,  the  pubi 
form  a  symphysis  pubis,  as  they 
all,  the  pelvic  arch  possesses  ui 
Tlie  legs  are  extremely  robust  ana 
entirely  wanting,  except  in  the  Af 
tary.  The  anterior  toes  are  two 
provided  with  strong  blunt  claw 
sents  the  remarkable  peculiarity  I 
instead  o/  being  conncciect  to  one  cu 
usually  the  case,  are  remote  and  . 
presenting  some  resemblance  to  hai> 

The  order  Cursores  may  be  di' 
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irds,  attaining  a  height  from  six  to  eight  feet.     The  South 
ifrican  Ostrich  is  often  considered  as  a  distinct  species,  under 


Fi(f- 305--7Morphology  of  Cursores.  A,  Sternum  of  the  Ostrich  {Stntthio  camehu): 
M  Scapula ;  c  Coracoid.  B,  Side  view  of  the  pelvis  of  the  Ostrich :  /  Ilium ;  p  Pubis ; 
is  Isouum ;  /"  Femur.  C,  Foot  of  AHtrifx  australis.  D,  Tarso-metatarsus  of  the 
ApUryXt  showing  the  hallux  placed  high  upon  its  posterior  surface.  £,  Foot  of 
me  Rhea  americana. 

he  name  of  S,  australis.  The  head  and  neck  are  nearly 
laked,  and  the  quill-feathers  of  the  wings  and  tail  have  their 
>arbs  wholly  disconnected,  constituting  the  ostrich-plumes  of 
'ommerce.  The  legs  are  extremely  strong,  and  are  terminated 
>y  two  toes  only,  these  consisting  respectively  of  four  and  five 
>lialanges,  showing  that  it  is  the  hallux  and  the  innermost  toe 
vhich  are  wanting.  The  internal  one  of  the  two  toes  is  much 
he  larger,  and  is  clawed ;  the  outer  toe  is  small  and  clawless. 
rhe  pubic  bones  (fig.  305,  B)  are  united  in  a  ventral  sym- 
physis, and  the  wing  is  furnished  with  a  long  humerus.  The 
Ostriches  run  with  extraordinary  speed,  and  can  outstrip  the 
astest  horse.  They  are  polygampus,  each  male  consorting 
^th  several  females,  and  they  generally  keep  together  in 
arger  or  smaller  flocks.  The  eggs  are  of  great  size,  averaging 
hree  pounds  each  in  weight ;  and  the  hens  lay  their  eggs  in 
he  same  nest,  this  being  nothing  more  than  a  hole  scratched 
^  the  sand.  The  eggs  appear  to  be  hatched  mainly  by  the 
^ertions  of  both  parents,  relieving  each  other  in  the  task  of 
^cubation,  but  also  partly  by  the  heat  of  the  sun.* 

*  Mr  Sdater,  however,  states  that  the  duty  of  incubation  is  entirely 
Ucen  by  the  males. 


botli  sides  of  the  body  iVom  a 
runs  down  the  middle  of  the  L 
gamous,  and  the  eggs  are  dark 
Emeu  is  smaller  than  the  female 
of  incubation.  Two  varieties, 
known — one  on  the  eastern  and 
of  Australia. 

The  last  living  group  of  the  ..' 
sowaries,  best  represented  by  t) 
ariiis  gaieatus),  which  inhabits  t 
Guinea,  and  was  first  brought  ^ 
It  stands  about  five  feet  in  hi 
homy  crest  upon  its  head.  T 
with  pendent  wattles,  the  wing 
feet  have  three  toes  each.  Thi 
the  feathers  more  or  less  closi 
are  rudimentary,  each  with  fi" 
male  is  much  the  smaller,  an< 
the  Galeated  Cassowary,  othe 
from  the  Malayan  Archipelag 
nine  species  being  now  known 

The  second  family  of  the  C 
terygida,  comprising  only  the 
New  Zealand.     The  beak  in  t 
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licnous.    The  species  of  Apteryx  are  wholly  confined  to  New 
aknd,  and  are  nocturnal  in  their  habits,  living  upon  insects 
>d  worms.     Four  species  have  been  described,  of  which  A. 
atralis  (fig.  306)  is  the  best  known. 
As  regards  the  distribution  of  the  Cursores  in  fime,  it  seems 


Fig.  3ot,.—Afltrfx  ni 


rebable  that  some  of  the  footprints  of  the  Connecticut  Trias 
f  ornithic  at  all)  have  been  produced  by  birds  belonging  to 
J8  group.  Leaving  these  doubtful  instances  out  of  sight,  the 
«;cne  Tertiary  has  yielded  the  first  certain  traces  of  Cursorial 
ilds  (the  Dasornii  of  the  London  clay}.  The  most  interesting 
sniains  of  Cursores  have,  however,  been  found  in  the  Post- 
atiary  deposits  of  the  southern  hemisphere,  and  more  espe- 
ially  in  New  Zealand.  In  this  island  have  been  found  the 
anains  of  a  number  of  large  wingless  birds,  which  form  the 
itnily  of  the  Diiiornithida,  of  which  Dinornis  {fig,  307)  itself 
the  most  important  genus.  All  the  members  of  this  group 
%iemis,  Palajiieryx,  &c.)  are  large  Cursorial  birds,  the  wings 
^g  useless  for  flight,  and  furnished  with  a  rudimentary  hume- 
S,  The  hallux  is  wanting  {Dinornis)  or  present  {Paiapteryx). 
lie  largest  species  is  the  Dinornis  giganteus,  one  of  the  most 
[antic  of  living  or  fossil  birds,  the  tibia  measuring  a  yard  in 
igth,  and  the  total  height  being  at  least  ten  feet.    Another 


Fig.  307.— SlMlelon  at  Dim 


ponderous  conslniction — "th 
the  most  massive  of  any  in 
"  the  toe-bones  almost  rival 
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vived  up  to  quite  a  recent  date.  Not  only  are  the  bones 
y  numerous  in  certain  localities,  but  they  are  found  in  the 
St  recent  and  superficial  deposits,  and  they  still  contain  a 
isiderable  propK>rtion  of  animal  matter ;  whilst  in  some  in- 
nces  bones  have  been  found  with  the  feathers  attached,  or 
h  the  homy  skin  of  the  legs  still  adhering  to  them.  Charred 
les  have  been  found  in  connection  with  native  "  ovens ; " 
i  the  traditions  of  the  Maories  contain  circumstantial  accounts 
gigantic  wingless  Birds,  the  "  Moas,"  which  were  hunted  both 

their  flesh  and  their  plumage. 

in  Madagascar,  bones  have  been  discovered  of  a  bird  as 
5e  as,  or  larger  than,  the  Dinornis  gigariteus,  which  has  been 
icribed  under  the  name  of  the  yEpiornis  maximus.     With 

bones  have  been  found  eggs  measuring  from  thirteen  to 
rteen  inches  in  diameter,  and  computed  to  be  as  big  as 
se  ostrich-eggs,  or  one  hundred  and  forty-eight  hen's  eggs. 
Dugh  generally  referred  to  the  Cur  sores,  ^piomis  has  been 
letimes  regarded  as  a  gigantic  member  of  the  Raptores, 
-astly,  the  Post-Tertiary  deposits  of  Australia  have  yielded 

remains  of  an  extinct  Struthious  bird  allied  to  the  Emeu, 
ch  has  been  described  under  the  name  of  Dromaomis, 


CHAPTER   LXVI. 

SUB 'CLASS  IL   CARINAT^. 

Natatores,  Grallatores,  and  Rasores. 

Order  I.  Natatores  {Palmipedes).  —  The  order  of  the 
attttoreSj  or  Swimmers,  comprises  a  number  of  Birds  which 
5  as  much  or  even  more  at  home  in  the  water  than  upon 
e  land.  In  accordance  with  their  aquatic  habit  of  life, 
I  Natatores  have  a  boat-shaped  body,  usually  with  a  long  neck. 
\e  legs  are  short,  and  placed  behind  the  cmtre  of  gravity  of  the 
fyy  this  position  enabling  them  to  act  admirably  as  paddles,  at 
'  same  time  that  it  renders  the  gait  upon  dry  land  more  or  less 
^kward  and  shuffling.  In  all  cases  the  toes  are  ^^  webbed*^  or 
iied  by  membrane  to  a  greater  or  less  extent  (fig.  308,  A), 
many  instances  the  membrane  or  web  is  stretched  com- 
!tcly  from  toe  to  toe,  but  in  others  the  web  is  divided  or 
it  up  between  the  toes,  so  that  the  toes  are  fringed  with 
tnbranous  borders,  but  the  feet  are  only  imperfectly  webbed. 

2  O 


lubricated  and  wateqjroof.    Thej 
male   consorting  with    several  f 
hatched  in  a  condition  not  reo 
from  the  parents,  being  able  h 
themselves  from  the  moment  tht 
The  Naiaiores  are  divided  inti 
Fam.    I,  Brevipiimatet. — In 
birds  the  wings  are  always  shorl 
organs  of  flight,  the  tail  is  verj 
very  iar  back,  so  as  to  rendt 
difficult  or  awkward.     The  fami 
Guillemots,  Divers,  and  Grebes, 
the   wings   are   completely  nii 
covered  with  a  scaly  skin.     Tl 
concerned,  but  they  are  empio] 
it  to  swim  under  water  with  | 
used  on  the  land  as  fore-legs. 
'"""■■''"  •"''  is  rudimentary  or 
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the  King  Penguin  {Aptenodyta  Palagonka)  of  the  StiatU 
lagalhaens.     Some  Penguins  have  the  extraordinary  habit 


Fit-  je^-— Jickut  PcDEuin  {.Sfkndiaa  limrmu), 

nning  no  nest  but  of  carrying  their  egg  about  with  them 
temporary  pouch  of  the  abdominal  integument.  In  the 
i  (Al^da)  the  wings  are  better  developed  than  in  the 
Bins,  and  they  contain  true  quill-feathers ;  but  they  are 
ihort  as  compared  with  the  size  of  the  body,  and  are  of 
use  as  fins  than  for  flight.  The  Great  Auk  or  Gare-fowl 
'  impennis)  is  remarkable  for  being  one  of  the  birds  which 
IT  to  have  become  entirely  extinct  within  the  human 
d,  having  been,  in  fact,  destroyed  by  man  himself.  It 
to  abound  in  the  arctic  regions,  and  occasionally  visited 
wn  shores  in  the  winter.  The  Little  Auk  {Mfrguius  alba) 
«  Still  in  abundance  in  the  seas  of  the  arctic  r^ons. 
f  well-known  membere  of  this  group  are  the  Razor-bill, 
'nffins  (FrateraUa  arctiea),  and  the  Guillemots  {Uria). 


l.ratiL',  Til.'  Ni-nlii'iri  1  )iv,t  or 
a  lanuli.ir  c\,ini|.l.-,  .iiul  is  luuinl 
latitudes. 

Fam.  2.  Lottgiptnnata. — This  I 
terised  by  the  well-developtKl  » 
knife-like,  sometimes  hooked  bj 
hallux  united  with  the  anterior 
following  are  the  more  importa 
head: — 

a.  Larida,  or  Gulls  and  Tems, 
hinder  toe,  and  the  three  anterio 
'ilie  Gulls  form  an  exceedingly 
group  of  birds ;  and  the  Terns 
beautiful,  if  not  quite  so  comi 
guished  by  their  long  and  po 
comparatively  short  legs.  The 
the  surface  of  the  sea,  from  whi 

b.  Procellarida,  or  Petrels,  clt 
but  having  a  rudimentary  hinr 
mandible  strongly  hooked.  TI 
well  known  to  all  sailors  unde" 
Mother  Carey's  Chickens.  Th 
in  their  habits,  breed  in  holes 
and  are  almost  all  of  small  : 
plumage.  The  largest  memb< 
Albatross  {Diomtiiea  fxulans), 
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lily  are  the  Pelicans,  Cormorants,  Gannets,  Frigate- 
:crs,  and  others.     They  all  fly  well,  and  have  short 
mongst  them  are  almost  the  only  Natatorial  Birds 
perch  upon  trees. 

leans  {Pdicanida)  are  large  birds,  which  subsist  on 
ire  found  in  Europe,  Asia,  Africa,  and  the  New 
'hey  sometimes  measure  as  much  as  from  ten  to 
:  between  the  tips  of  the  wings,  and  most  of  the 
pneumatic,  so  that  the  skeleton  is  extremely  light. 
'  mandible  is  composed  of  two  flexible  branches 
e  for  the  support  of  a  large  "  gular  "  pouch,  formed 
>se  unfeathered  skin  of  the  neck.  The  fish  cap- 
he  bird  are  temporarily  deposited  in  this  pouch, 
urent  birds  feed  their  young  out  of  it  The  bill  is 
traight,  and  the  upper  mandible  is  strongly  hooked 

Cormorants  (Phalacrocorax)  there  is  no  pouch  be- 
lower  mandible,  but  the  skin  of  the  throat  is  very 
istensible;  the  nail  of  the  middle  toe  is  serrated, 
iridely  distributed  over  the  world,  one  species  being 
iant  in  many  parts  of  Europe.  The  Gannets  {Sula) 
apressed  bill,  the  margins  of  which  are  finely  crenate 
L  They  occur  abundantly  on  many  parts  of  the 
northern  Europe,  one  of  the  most  noted  of  their 
*ing  the  Bass  Rock  at  the  mouth  of  the  Firth  of 
nother  species  {Sula  variegata)  is  of  greater  import- 
an,  as  being  one  of  the  birds  from  the  accumulated 
of  which  guano  is  derived.  The  Frigate-birds 
r)  are  chiefly  remarkable  for  their  extraordinary 
flight,  conditioned  by  their  enormously  long  and 
ings  and  long  forked  tail.  They  occur  on  the  coasts 
America,  and  are  often  found  at  immense  distances 
land.  The  Tropic -birds  {Phaeton)  inhabit  inter- 
;gions,  and  are  found  far  out  at  sea.  They  have 
e  feet,  and  long  pointed  wings, 
rters  or  Snake-birds  {Plotus)  are  somewhat  aberrant 
»f  this  group,  characterised  by  their  elongated  necks 
pointed  bills.  They  occur  in  America,  Africa,  and 
md  catch  fish  by  suddenly  darting  upon  them  from 

Lamellirostres. — Tlie  last  family  of  the  Natatores 

the  Lamellirostres y  including  the   Ducks,  Geese, 

I  Flamingoes ;  and  characterised  by  the  form  of  the 

.   308  and   310),  which   is  flattened  in  form  and 

ith  a  soft  skin.     The  edges  of  the  bill  are  further 


-A,  Head  of  Ih( 


UiGt 


birds  sift  the  mud  in  which  th 
The  bill  is  richly  supplied  with  f 
doubtless  serves  as  an  efficient  ' 
furnished  with  four  toes,  of  whi 
and  are  webbed,  whilst  the  fourl 
free.  The  trachea  in  the  males 
its  lower  part,  and  co-operates 
liar  clanging  note  of  most  of  th< 
and  the  wings  only  moderately  i 
The  groups  of  the  Ducks  (At 
Swans  (Cy^idie),  are  too  familiar 
The  Anatii/a,  or  true  Ducks,  Iw 
very  narrow  membranous  lobe, 
mandible  generally  projecting, 
the  Mallards  and  Teals  (Boscha 
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their  stronger  and  longer  legs,  and  comparatively  shorter 
wings.  Good  examples  are  the  Grey  Lag  {Anser  ferus\  the 
Canada  Goose  {A,  Canadensis)^  the  Bean-goose  i^A,  segetum)^ 
and  the  Snow-goose  {A.  hyperboreus).  All  the  domesticated 
varieties  of  Geese  appear  to  be  undoubtedly  descended  from 
the  "  Grey  Lag  "  Goose,  a  common  wild  species  which  is  found 
in  marshy  districts  in  Europe  generally,  in  Northern  Africa, 
and  as  far  east  as  Persia 

In  the  Swans  the  neck  is  extremely  long,  and  the  legs  are 
short.  In  the  Hooper  Swan  ( Cygnusferus)  the  sternal  keel  is 
double,  and  forms  a  cavity  for  the  reception  of  a  convoluted 
portion  of  the  trachea.  This  is  not  the  case,  however,  with 
the  Mute  Swan  (C  olor),  the  Black  Swan  (C  atratus),  or  the 
Trumpeter  Swan  (C  buccinator)^  all  well-known  members  of 
the  group. 

The  Flamingoes,  however,  forming  the  group  of  the  Phosnicop- 
teridce,  require  some  notice,  if  only  for  the  fact  that  the  legs  are 
so  long  and  slender  that  they  have  often  been  placed  in  the 
order  Grallatores  on  this  account.  The  three  anterior  toes, 
however,  are  webbed  or  completely  united  by  membrane,  and 
the  bill  is  lamellate,  so  that  there  can  be  little  hesitation  in 
leaving  the  Flamingo  in  its  present  position  amongst  the  Nata- 
tares.  The  bill  is  singularly  bent,  both  mandibles  being  sud- 
denly curved  downwards  from  the  middle.  The  common 
Flamingo  {Phxnicopterus  ruber)  occurs  abundantly  in  various 
parts  of  southern  Europe.  It  stands  between  three  and  four 
feet  in  height,  the  general  plumage  being  rose-coloured,  the 
wing- coverts  red,  and  the  quill -feathers  of  the  wings  black. 
The  tongue  is  fleshy,  and  one  of  the  extravagances  of  the 
Romans  during  the  later  period  of  the  Empire  was  to  have 
dishes  compK)sed  solely  of  Flamingoes*  tongues.  Other  species 
occur  in  South  America  and  Africa. 

As  regards  the  distribution  of  the  Natatores  in  time^  the 
earliest  traces  of  the  order  are  found  in  the  Cretaceous  rocks. 
In  deposits  of  this  age  in  the  United  States,  Professor  Marsh 
has  exhumed  the  bones  of  several  forms  (Graculavus  and 
JLaamis) ;  and  other  forms  {Cimoiomis)  have  been  described 
from  the  Cretaceous  of  Europe.  In  the  Eocene  Tertiary  are 
found  several  Natatorial  birds,  the  most  interesting  of  which 
are  the  Gastomis  Parisiensis  and  Agnopterus  of  the  Paris 
basin,  the  former  being  apparently  a  huge  and  wingless  goose, 
whilst  the  latter  is  allied  to  the  Flamingoes.  Under  this  order 
also  probably  comes  the  extraordinary  fossil  bird,  recently 
described  by  Professor  Owen,  from  the  London  Clay  (Eocene) 
of  Sheppey  under  the  name  of  Odontopteryx  toliapims.     In 


eludes  that  "  Odontopteryx  was 
biped,  with  wings ;  and  further, 
a  fish  eater,  and  that  in  the  ca 
was  assisted  by  this  Pterosauroid 
the  whole,  Odontopteryx  would 
allied  to  the  Anatidce,  but  the  d 
entirely  unique  character. 

Leaving  the  Eocene,  the  Mi 
posits  have  yielded  the  lemaina 
as  has  also  the  Post-Tertiary ;  bi 
to  any  of  these,  unless  the  great 
of  New  Zealand  be  rightly  lefe 
peculiarity  of  having  been  unabU 

Order  II.  Grallatores. — T 
of  the  Grallatores,  or  Waders,  fo 
banks  of  rivers  and  lakes,  the 
lagoons,  and  shallow  pools,  thouj 
exclusively  to  dry  land,  preferriti 
situations.     In  accordance  with 
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gs  are  long,  and  the  power  of  flight  usually  considerable ; 
the  tail  is  short,  and  the  long  legs  are  stretched  out  behind 
Sight  to  compensate  for  the  brevity  of  the  tail.  The  body 
[enerally  slender,  and  the  neck  and  beak  usually  of  con- 
rrable  length  (fig.  312,  B).      They  are  sometimes  polyga- 


us,  sometimes  monogamous,  and  the  young  of  the  former 
able  to  run  about  as  soon  as  they  are  hatched. 
[Tie  most  typical  Waders — those,  namely,  which  are  semi- 
lattc  in  their  habits — spend  most  o(  their  time  wading  about 
ihallow  waters  or  marshes,  feeding  upon  small  fishes,  worms, 
S-fish,  or  insects.  Others,  such  as  the  Storks,  live  mostly 
•n  the  land,  and  are  more  or  less  exclusively  vegetable- 
lers. 

"he  Graliatores  are  divided  into  the  four  families  of  the 
avdactyii,  the  CtUtirostres,  the  Longtrostra,  and  the  Pres- 
ttres. 

'am.  I.  Maa-odadyli. — In  this  family  the  feet  are  furnished 
I  four  elongated,  sometimes  lobate,  toes,  and  the  wings  arc 
Dodeiate  or  less  than  average  size.  In  many  of  their  char- 
X9  a  considerable  number  of  the  birds  of  this  family  ap- 
ich  the  Rasorial  birds,  and  differ  from  the  true  Waders. 
:  beak  is  mostly  short,  rarely  longer  than  the  head,  and  is 
■pressed  from  side  to  side,  or  wedge-shaped.  The  legs  are 
Dg  and  not  particularly  lengthy;  but  the  toes  are  often  of 
Lt  length,  and  are  furnished  with  long  claws.  The  neck  is 
very  long,  and  the  tail  is  very  short  Some  of  them  are 
rxiy  aquatic  in  their  habits,  and,  like  the  Coots,  approach 


Rails,  comprising  tlio 
and  the  L^nd-rail  or  Corn-cral 
and  the  Maish  Hen  {Rallus  e. 
Vir^nianus)  of  North  Ameri( 
land,  though  the  first  of  these  us 
places.  In  the  Jacanas,  kstl; 
excessively  long  and  slender  J 
run  about  upon  the  leaves  of  a< 
is  armed  with  formidable  spui 
America,  Africa,  and  India, 
are  the  Screamers  (Fa/amtdea) 
Homed  Screamer  (P.  comutd^ 
long  frontal  horn,  and  has  spur 
wing. 

Fam.  2.  CuJHroslres. — In  th 
some  of  the  most  typical  and 
entire  order.  The  bill  in  this 
than  the  head—and  is  compre: 
are  long  and  slender,  having 
tibia:  unfeathered;  and  the  f 
usually  connected  to  a  greater 
membrane.  In  this  familyare 
Spoonbill,  and  others  of  less  in 

The  Cranes  (Gruida)  are  la 
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abits  Asia  and  Africa,  the  Stanley  Cranes  {Antkropoides)  are 
atives  of  the  East  Indies,  and  the  Crowned  Cranes  \Bakaried) 
re  A&icaD.  In  many  respects  the  Cranes  are  more  nearly 
Bied  to  the  Rails  than  lo  the  Herons.  The  Herons  {Ardeida) 
n  ^miliarly  known  to  every  one  in  the  person  of  the  common 
^y  or  Crested  Heron  {Ardea  cinerca,  fig.  313)-     It  was  one 


Fig.  ]i3.--CiHt«l  Hncn  [ArJta  aiterrei.    Europe. 


<t  the  birds  most  generally  pursued  in  the  now  almost  extinct 
[>ort  of  falconry.  Various  species  of  Heron  are  found  over 
lie  whole  world,  both  in  temperate  and  hot  climates.  Here, 
Iso,  belong  the  various  species  of  Night  Heron  {NyctUorax), 
!te  Bitterns  (Betaurvs),  and  the  Boat-bills  {Cancroma). 

The  Ibises  {Tanialina)  form  a  group  of  beautiful  birds, 
gecies  of  which  occur  in  all  the  warm  countries  of  the  world. 
iiey  are  disringuished  by  their  metallic  colours,  long,  cylin- 
■ical,  curved  bill,  and  more  or  less  naked  head.  One,  the 
ftir  religiosa,  vss  regarded  by  the  ancient  Egyptians  as  a  deity, 
M  was  treated  with  divine  honours,  being  often  embalmed 
loog  with  their  mummies,  or  figured  on  their  monuments. 

The  Storks  {Ciamina)  are  lai^e  birds,  of  which  one,  the 
1  Stork  (CicMia  alba),  is  rarely  found  in  Britain,  but 


t  bilk. 


I'd  f 


of  great  length ;  the  toes  are 
hallux  is  usually  short,  and  is  £ 
these  birds  serves  as  an  organ 
of  probe  to  feel  for  food  in  mui 
purpose,  the  tip  of  the  bill  is  fill 
of  the  fifth  nerve.  They  feed  i 
and  are  not  strictly  aquatic  in 
marshy  districts,  moors,  fens,  t! 
the  shores  of  the  sea. 

In  this  family  of  the  Long 
species  of  Snipe  and  Woodcoc 
{Ih'nga),  the  Curlews  {Numeni 
the  Ruffs  (Modules),  the  Red 
(Lititosa),  and  others  which  nee 

Fam.  4,  Pressirostres.  —  Th 
characterised  by  the  modcrati 
seldom  longer  than  the  head,  a 
legs  are  long,  but  the  toes  an 
partially  connected  t<%ether  at  1 
hallux  is  short,  and  is  often  wai 
they  can  both  fly  powerfully  an 
this  section  are  two  very  distini 
or  Plovers,  and  the  Ot^a  or  Bi 

.Ko  l-^c  ^,.  ln„„  ,nH  El™Hpr    f 
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short  and  furnished  with  stout  claws.  The  hinder  toe  or  hallux 
it  entirely  wanting;  and  these  birds  are  chiefly  interesting  from 
the  affinities  which  they  exhibit  to  the  Rasores  on  the  one 
liand,  and  to  the  Cursores  (Ostrich,  &c.)  on  the  other.  The 
unngSy  however,  are  of  ample  size,  and  the  tail  is  comparatively 
long,  the  reverse  being  th<  case  in  the  Cursores.  The  Bus- 
tards are  entirely  confined  to  the  Old  World,  and  two  species 
"werfe  formerly  not  uncommon  in  Britain.  They  are  found  in 
plains  and  downs,  and  rarely  fly,  but  run  with  great  swiftness, 
using  the  wings  to  accelerate  their  course.  They  are  polygam- 
ous, and  the  males  are  generally  brighter  and  more  variegated 
in  plumage  than  the  females. 

As  regards  their  distribution  in  tiffte,  the  earliest  known 
remains  of  Grallatores  have  been  found  in  the  Cretaceous 
rocks  of  North  America  {Teimatornis  and  Palaotringa),  The 
Eocene  Tertiary  of  both  Europe  and  North  America  has 
yielded  the  remains  of  Waders,  one  of  the  most  remarkable 
being  a  gigantic  Rail  ( Gypsornis)  from  the  Paris  basin.  The 
later  Tertiaries  also  contain  the  remains  of  various  Grallatorial 
birds  allied  to,  or  identical  with,  living  types.  In  the  Post- 
Tertiary  deposits  of  Mauritius  are  found  the  bones  of  the 
Aphanapteryx^  a  large  Ralline  bird,  allied  to  the  living  Ocy- 
tirvmuSy  but  incapable  of  flight  It  survived  into  the  human 
period,  and  was  exterminated  at  a  comparatively  late  date. 

Order  III.  Rasores. — The  third  order  of  Carinate  Birds 
is  that  of  the  Rasores,  or  Scratchers,  often  spoken  of  col- 
lectively as  the  "  Gallinaceous "  birds,  from  the  old  name  of 
*•  Gallinae,"  given  to  the  order  by  Linnaeus.  The  Rasores  are 
characterised  by  the  convex,  vaulted  upper  mandible,  having  the 
^94fstrils  pierced  in  a  membranous  space  at  its  base.  The  nostrils 
tire  covered  by  a  cartilaginous  scale.  Taking  the  Gallinacei  as 
tile  type  of  the  order,  the  legs  are  strong  and  robust,  mostly 
covered  with  feathers  as  far  as  the  Joint  bctiueen  the  tibia  and 
^€trso-metatarsus.  There  are  four  toes,  three  in  front  and  one  be- 
hind, the  latter  being  short,  and  placed  at  a  higher  level  than  the 
^her  toes.  All  the  toes  terminate  in  strong  blunt  claws  suitable 
'fer  scratching  (fig.  314,  A).  The  food  of  the  Scratchers  or 
•^gallinaceous  birds  consists  chiefly  of  hard  grains  and  seeds, 
Uid  in  accordance  with  this  they  have  a  capacious  crop  and 
*ri  extremely  strong  and  muscular  gizzard.  They  mostly 
nidificate,  or  build  their  nests,  upon  the  ground,  and  the  more 
ypical  members  of  the  order  are  polygamous.  The  males  take 
^O  part  in  either  nidification  or  incubation,  and  the  young  are 
'^^erally  "  precocious,"  being  able  to  run  about  and  provide 
•^emselves  with  food  from  the  moment  they  quit  the  egg. 
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The  young  of  the  Pigeons  and  Doves,  however,  arc  teoaght 
forth  in  a  comparatively  helpless  condition.    The  wings  in  the 


Fig.  3x4.— Rasores.    A,  Foot  of  Fowl  {Galbu  BaHtrpa)';  B,  Hod 

majority  of  the  Rasores  are  more  or  less  weak,  and  the  flight 
is  feeble  and  accompanied  with  a  whirring  sound.  Manj  of 
the  Pigeons,  however,  are  capable  of  very  poweiftil  and  sus- 
tained flight. 

The  order  Rasores  is  divided  into  two  sub-orders,  called  re- 
spectively the  Gallinacei  and  the  Columbacei^  or  sometimes^ 
from  the  characters  of  the  sounds  which  they  utter,  the  Osm^ 
tores  and  the  Gemitores, 

Sub -order  i.  Gallinacei  or  Clamafores,  —  This  sub-ordff 
comprises  the  typical  members  of  the  order  Rasores^  sudi  as 
the  common  Fowls,  Turkeys,  Partridge,  Grouse,  Pea-fowl,  and 
a  number  of  allied  forms.  Its  characters  are  therefore  those 
of  the  order  itself,  but  it  is  especially  distinguished  from  the 
Columhacei  by  being  less  fully  adapted  for  flight  The  body  is 
much  heavier,  comparatively  speaking,  the  legs  and  feet  are 
stronger,  and  the  wings  shorter  and  less  powerful.  On  the 
whole,  therefore,  these  birds  are  worse  fliers  than  the  OHv*- 
bacci^  and  are  better  adapted  for  living  upon  the  ground  The 
hallux  is  elevated  above  the  anterior  toes,  and  merely  touches 
the  ground  in  walking.  The  back  of  the  tarsus,  too,  is  usuaDf 
furnished  in  the  males  with  a  spur  {calcar),  which  is  used  as 
an  offensive  weapon,  and  has  sometimes  been  looked  up* 
as  a  rudimentary  toe.*  Lastly,  the  Gallinacei  are  mostlf  J- 
polygamous,  and  the  males  are  usually  much  more  briflia^ 
ly  coloured  than  the  females,  this  being  an  adaptive  modni- 
cation  of  the  plumage  to  meet  this  peculiarity  in  their  mode  r- 
of  life,  t 

*  In  some  cases  (as  in  the  Java  Peacock)  the  female  possesses  sp«irt  ■  |-_ 
well  as  the  male ;  and  sometimes  (as  in  Polyplectron)  there  we  two  or***  1  _ 
spurs  on  each  leg  of  the  male.  |-  , 

t  The  Guinea-fowl,  Red  Grouse,  Ptarmigan,  and  Partridge  are  nx**"  J   " 
gamous,  in  a  state  of  nature  at  any  rate. 
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The  following  are  the  most  important  families  of  the  Gal- 
'ucei: — 

The  Tdrcumida^  or  Grouse  family,  comprises  the  various 
ecies  of  Grouse  (Tetrao)^  the  Ruffed  Grouse  (Bonasa),  the 
kJl  of  the  Plains  {Centrocercus\  and  the  Ptarmigans  {Lago- 

The  Perdidda^  or  Partndge  family,  comprises  the  Par- 
dges  (P^rdix),  the  Francolins  {Francolinus),  the  Quails  {Co- 
"nix),  the  Maryland  Quail  (0/iyx),  the  Tufted  Quails 
ophortyx)^  &c 

The  Phasianid(By  or  Pheasant  family,  comprises  the  Turkeys 
d  Guinea-fowl  {Meieagrina),  the  common  Pheasant  (Phasi- 
us  Colchicus)^  the  Golden  and  Silver  Pheasants,  the  common 
m\  (Gallus  domesticus),  and  the  Pea-fowl  {Pavonina).  None 
these  birds — all  of  which  can  be  domesticated,  and  most  of 
lich  are  of  great  value  to  man — are  natives  of  this  country, 
>ugh  they  will  all  breed  readily,  and  thrive  even  in  confine- 
mt.  The  domestic  Turkey  (Mcieagris  gallopavd)  is  originally 
lative  of  North  America,  where  it  still  occurs  in  a  wild  con- 
ion,  having  been  brought  to  Europe  about  the  beginning  of 
5  sixteenth  century.  The  Guinea-fowl  (Numida  Meleagris)  is 
iginally  an  African  bird.  The  common  Pheasant  (Phasianus 
4chicus)y  though  now  regarded  as  an  indigenous  bird,  truly 
loDgs  to  Asia,  and  it  is  asserted  that  it  was  really  brought  to 
nope  from  Colchis  by  the  Greeks ;  hence  its  specific  name. 
ic  common  Fowl  is  certainly  not  a  native  of  Europe,  and  it 
usually  thought  to  be  a  native  of  Asia  or  of  some  of  the 
natic  islands ;  but  its  exact  original  habitat  is  uncertain,  as 
the  species  from  which  the  domestic  breeds  are  descended 
imunonly  said  to  be  the  Gallus  Bankiva  of  Java).  The 
broduction  of  the  Fowl  into  Europe  is  lost  in  the  mists  of 
tiquity,  and  it  is  wholly  unknown  whence  the  original  stock 
ly  have  been  brought ;  though  there  is  really  every  ground 
r  believing  that  the  typical  breed — the  Game  breed — is  truly 
scended  from  the  Jungle  Cock,  or  Gallus  Bankiva,  The 
snestic  Fowl  has,  however,  been  found  to  be  a  member  of 
e  Cave-fauna  of  France  in  the  early  Stone  period,  which 
mid  seem  to  disprove  its  alleged  introduction  from  the 
ist  The  Pea-fowl  {Pavo)  are  really  natives  of  Thibet  and 
indostan,  and  were  originally  brought  to  Greece  by  Alex- 
dcr  the  Great.  They  were  formerly  much  esteemed  as 
>d,  but  are  now  regarded  merely  from  an  ornamental  point 
view. 

iTie  PterociidcBy  or  Sand-grouse,  are  confined  to  the  Old 
^Idy  being  principally  Asiatic  and  African,  and  in  their 
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b- order  2,  Columbacei, — The  second  sub -order  of  the 
res  is  that  of  the  Columbacei  or  Gemitorcs^  comprising  the 
^s  and  Pigeons,  and  often  raised  to  the  rank  of  a  dis- 
order under  the  name  of  Columba,  The  Columbacei 
icparated  from  the  more  typical  members  of  the  Rasores 
cing  furnished  with  strong  wings,  so  as  to  endow  them 
considerable  powers  of  flight.  In  place,  therefore, 
;ing  chiefly  ground-birds,  they  are  to  a  great  extent  ar- 
il in  their  habits,  and  in  accordance  with  this  the  feet 
ilender,  and  are  well  adapted  for  perching.  There  are 
toes,  three  in  front  and  one  behind,  and  the  former  are 
r  united  towards  their  bases  by  a  membrane,  though 
Xise  of  the  outer  toe  is  sometimes  united  to  that  of  the 
le  toe.  The  hallux  is  articulated  on  the  same  plane  as 
>ther  toes,  and  touches  the  ground  in  walking.  Lastly, 
are  all  monogamous,  and  pair  for  life ;  in  consequence  of 
li  fact,  and  of  their  being  readily  susceptible  of  domesti- 
n,  they  present  an  enonnous  number  of  varieties,  often  so 
•ent  from  one  another  that  they  would  certainly  be  de- 
ed as  distinct  species  if  found  in  a  wild  state.  It  seems 
in,  however,  that  all  the  common  domestic  breeds  of 
3ns,  however  unlike  one  another,  are  really  descended 
the  Rock-pigeon  {Columba  livia),  which  occurs  wild  in 
f  parts  of  Europe,  and  has  retained  its  distinguishing 
liarities  unaltered  for  many  centuries  up  to  the  present 
Finally,  the  young  of  the  Columbacei  are  born  in  a  naked 
helpless  state,  whilst  those  of  the  Gallinacei  are  **  preco- 
},"  and  can  take  care  of  themselves  from  the  moment  of 
liberation  from  the  egg. 

f  the  various  living  birds  included  in  this  section,  the  true 
ons  (Coiumbidce)  are  too  well  known  to  require  any  de- 
tion;  but  the  Ground-pigeons  (Gouridce)  depart  to  some 
It  from  this  type,  being  ground-loving  birds,  more  closely 
i  to  the  ordinary  Gallinacei.  The  Trcronidce^  or  Tree- 
^ns,  are  exclusively  found  in  the  Old  World,  in  its  warmer 
1,  and  are  arboreal  in  their  habits,  living  principally  upon 
i.  The  Didunculidce  is  a  small  group,  comprising  only  the 
Diduncuius  strigirostris  of  the  Navigator  Islands.  In 
curious  bird  the  wings  are  well  developed,  enabling  it  to 
an  arboreal  life,  and  the  upper  mandible  of  the  beak  is 
igly  arched  and  hooked  towards  its  tip.  The  Diduncuius 
special  interest  as  being  the  nearest  living  ally  of  the  now 
ict  Dodo,  the  representative  of  the  family  Dididce,  The 
0  (Didus  ineptus)  formerly  inhabited  the  Island  of  Mauri- 
in  great  numbers,  but  the  last  record  of  its  occurrence 
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dates  from  the  year  i68i.  It  was  a  large  and  heavy  bird, 
bigger  than  a  swan,  and  entirely  unlike  the  Pigeons  in  general 
appearance.  The  wings  were  rudimentaiy  and  completely 
useless  as  organs  of  flight.  The  legs  were  short  and  stoatp 
the  feet  had  four  toes  each,  and  the  tail  was  extremely  ^ort, 
carrying,  as  well  as  the  wings,  a  tuft  of  soft  plumes.  The 
beaic  (unlike  that  of  any  of  the  Columbacd  except  the  little 
Diduficulus  sirigirostris)  was  strongly  arched  towards  the  end, 
and  the  upper  mandible  had  a  strongly-hooked  apex,  not  at 
all  unlike  that  of  a  bird  of  prey.  The*  Dodo  owed  its  exter- 
mination to  the  fact  that  it  was  good  to  eat,  and  that  it  vas 
unable  to  fly.  At  present  all  the  known  remains  of  this 
singular  bird  that  exist  are  two  or  three  old,  but  apparently 
faithful,  oil-paintings,  two  heads,  a  foot,  and  some  feathers,  to 
which  explorations  in  the  Recent  deposits  of  the  island  hare 
added  a  large  number  of  bones.  Allied  to  the  Dodo,  and, 
like  it,  incapable  of  flight,  is  the  Solitaire  (Pezaphaps)  of 
Rodriguez,  a  small  island  lying  about  300  miles  to  the  east 
of  Mauritius.  Its  last  recorded  appearance  was  in  the  year 
1693.  It  had  longer  legs  than  the  Dodo,  and  its  bill  was  less 
strongly  arched. 

As  regards  the  distribution  of  the  Rasores  in  time^  the  order 
is  not  known  to  have  made  its  appearance  sooner  than  tht 
Eocene  Tertiary  (the  Palaortyx  of  the  Paris  basin).  In  the 
Miocene  period  occur  the  remains  of  both  Gallinaceous  and 
Columbaceous  birds,  one  of  the  most  noticeable  of  the  former 
being  a  Turkey  {Meieagris  antiquus)  from  the  Miocene  of 
Colorado.  The  later  Tertiary  and  Post-Tertiary  deposits 
have  also  yielded  the  bones  of  various  Rasorial  birds. 


CHAPTER  LXVII. 
SUB-CLASS    C  A  RIN  AT  ^E-- Continued, 


SCANSORES,    InSESSORES,   AND    RaPTORES. 

Order  IV.  Scansores. — The  order  of  the  Scansorial  or  Cliob- 
ing  birds  is  easily  and  very  shortly  defined,  having  no  0^ 
distinctive  and  exclusive  peculiarity  except  the  fact  that  * 
feet  are  prcnndcd  with  four  toes,  of  which  ttvo  are  turnd^^ 
wards  and  two  forwards.  Of  the  two  toes  which  are  dirtir 
backwards y  one  is  the  hallux  or  proper  hind-taey  and  thect^^ 
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r  outermost  of  the  normal  three  anterior  toes.  This  airange- 
mt  of  the  toes  (fig.  316,  B)  enables  the  Scanseres  to  climb 
di  unusual  facility.  Their  powers  of  flight,  on  the  other 
nd,  are  generally  only  moderate  and  below  the  average, 
icir  food  consists  of  insects  or  fmit  Their  nests  are  usually 
tde  in  the  hollows  of  old  trees,  but  some  of  them  have  the 
Darkable  peculiarity  that  they  build  no  nests  of  their  own, 
I  deposit  their  eggs  in  the  nests  of  other  birds.  They  are 
monogamous. 

The  order  Scansores,  as  above  defined,  must  be  looked  upon 
a  purely  artificial  assemblage,  comprising  Birds  which  pos- 
is  in  common  the  peculiarity  of  a  scansorial  foot,  but  which 
lerwise  are  widely  diff"erenL  The  order  is  only  retained 
re  because  it  can  hardly  be  dispensed  with  otherwise  than 
raising  the  three  principal  groups  contained  in  it  to  the  rank 
Kparate  orders  (viz.,  the  Cuculidx,  Picida,  and  Psittaeida). 
The  most  important  families  of  the  Scansores  are  the  Cuckoos 
'uadidee),  the  Woodpeckers  and  Wry-necks  (Picidd),  the  Par- 
S  (Psitiacida),  the  Toucans  {Rhamphastida),  the  Trt^ns 
ypgonidiz),  the  Barbets  {Buccomda),  and  the  Plantain-eaters 
fusopka^da). 

The  Cueiilida,  or  Cuckoos,  are  chiefly  remarkable  for  the 
traordinary  fact  that  many  of  them,  instead  of  nidificating 


d  incubating  for  themselves,  lay  their  e^s  in  the  nests  of 
aer  birds.  The  only  bird  not  belonging  to  this  family  which 
8  the  same  "  parasitic  "  habit,  is  the  Cow  Bunting  (Molothrus 
Vris)  of  the  United  States.  As  a  rule,  only  one  egg  is  de- 
aited  in  each  nest,  and  the  young  Cuckoo  which  is  hatched 
tn  it,  is  brought  up  by  the  foster-parent,  generally  at  the 
pense  of  the  Intimate  offspring.  The  lat^e  Channel-bill 
^jfihrops  Nava-Hollandid)  is  said  to  possess  the  same  curious 
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habit,  but  many  species  of  this  group  build  nests  for  themsehres 
in  the  ordinary  manner.  Beside  the  typical  Cuckoos  {Giadus) 
this  group  contains  the  American  Cuckoos  (C0^jvtf),the  Anis 
{Crotophaga\  the  Honey-Guides  ijndicator)^  and  other  less  im- 
portant forms. 

The  second  family  of  the  Scansores  is  that  of  the  Ptdda^  and 
comprises  the  Woodpeckers  and  Wry-necks.  These  birds  feed 
chiefly  upon  insects,  and  the  tongue  is  very  extensible,  baibed 
at  the  point,  and  covered  with  a  viscid  secretion,  so  as  to  enable 
them  to  catch  their  prey  by  suddenly  darting  it  out  The  bill 
is  strong  and  wedge-shaped,  and  the  claws  crooked.  The  tail- 
feathers  terminate  in  points,  and  are  unusually  hard  and  stiff, 
assisting  the  bird  in  running  up  the  trunks  of  trees.  The  Wood- 
peckers are  widely  distributed  throughout  both  hemispheres, 
and  the  Wry-necks  ( Yunoc)  are  European. 

The  next  family  is  that  of  the  Parrots  {Psitiadda\  the  largest 
group  of  the  Scansores,  comprising  over  three  hundred  species 
The  bill  in  the  Parrots  is  large  and  strong,  and  the  upper  maD- 
dible  is  considerably  longer  than  the  lower  and  is  hooked  at 
its  extremity  (fig.  317).    The  bill  is  used  as  a  kind  of  third  foot 
in  climbing,  thus  allowing  the  feet  to  be  used  in  prehensior.. 
At  the  base  of  the  upper  mandible  is  a  "  cere,"  in  which  the 
nostrils  are  pierced.     The  tongue  is  soft  and  fleshy.    The  feet 
are  especially  adapted  for  climbing,  some,  however,  of  the  Par- 
rots moving  about  actively  on  the  ground.    The  colours  of  the 
plumage  are  generally  extremely  bright  and  gaudy;  andthej 
live  for  the  most  part  upon  fniits.     The  Psittacida  are  distn- 
buted  throughout  the  tropics,  and  in  the  southern  hemisphere 
as  fiir  south  as  the  5  2d  parallel.     They  are  monogamous.  aii<i 
make  their  nests  in  holes  in  trees,  and  in  the  rocks.    Thetr 
natural  voice  is  harsh  and  grating.    The  true  Parrots  (/V///A** 
arc  mostly  inhabitants  of  tropical  America,  and  their  prevailiK 
colour  is  green.     Other  well-known  forms  are  Africaa    The 
Cockatoos  {Plyctolophus),  the  Love-birds  (Agapof7iis\  and  the 
Lorikeets  (TricJioi^^Iossus)  belong  to  the  Melanesian  and  Ausp 
lian  province.     The  Lories  {Lorius)  inhabit  the  Melancsiip 
])rovince.     The  tnie  Macaws  (Araimr)  are  exclusively  Aroefr 
can  ;  and  the  true  Parrakcets  {Pezoporiua)  are  exclusively cflfr 
fined  to  the  eastern  hemisphere,  being  especially  characteristic 
of  Australia. 

Among  the  more  remarkable  of  the  Psittacida  may  be  nJ* 
tioned  the  singular  "  Kakapo  "  {Slrigops  habropiilus)  of  Ne* 
Zealand,  which  makes  an  approach  to  the  Owls.  This  curio* 
Parrot  differs  from  the  ordinary  members  of  the  order  in  ^ 
being  gregarious  in  its  habits,  in  only  being  active  by  nig^^  * 
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ning  burrows  in  the  ground,  in  which  it  spends  the  day,  and 
jeing  limited  in  its  powers  of  flight.     One  species  of  Parrot 


irplc-capped  Lory  (Lorim  tfjtK, 


^^opsiHacus  Mauritianm)  has  become  extinct  during  the 
man  period,  and  the  Philip  Island  Parrot  {Neslor produciui), 
Jie  New  Zealand  province,  has  not  been  known  to  occur  since 
^yea^  1851. 

tn  the  next  family  of  the  Scansores  are  the  Toucans  {RAam- 
tslida),  characterised  by  having  a  bill  which  is  always  very 
Jc,  longer  than  the  head,  and  sometimes  of  comparatively 
antic  size.  The  mandibles  are,  however,  to  a  very  great 
ent  hollowed  out  into  air-cells,  so  that  the  weight  of  the  bill 
niuch  less  than  would  he  anticipated  Irom  its  size.  The 
gue  is  very  long,  notched  at  its  side,  or  feathered  with  deli- 
e  lateral  processes.  The  Toucans  live  chiefly  upon  fruits, 
I  are  all  confined  to  the  hotter  regions  of  South  America, 
lUenting  the  forests  in  considerable  flocks, 
^he  Trogons  have  short  and  weak  feet,  a  short  triangular 
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bill,  the  gape  bordered  with  strong  bristles,  and  short  wings. 
The  plumage  is  soft  and  loose,  and  generally  of  the  most  gor- 
geous description.  They  inhabit  the  most  retired  recesses  of 
the  forests  of  the  intertropical  regions  of  both  hemispheres, 
and  show  many  decided  points  of  affinity  to  the  Goatsuckers. 

The  Barbets  {Bucconidai)  are  South  American,  but  also  occur 
in  Africa  and  in  the  Indian  province.  Lastly,  the  Plantain- 
eaters  or  Touracos  (Musqphagida)  are  exclusively  confined  to 
Africa. 

The  range  of  the  Scansores  in  time  does  not  appear  to  be 
extensive,  the  earliest  known  representative  of  the  order  being 
from  the  lower  Tertiary.  The  Eocene  beds  of  Wyoming  ha« 
yielded  remains  of  a  Woodpecker  (Uintofnis)y  and  Parrots, 
Trogons,  Cuckoos,  and  Woodpeckers  are  known  to  have  lived 
during  the  later  Tertiary  and  Post-Tertiary  periods. 

Order  V.  Insessores. — The  sixth  order  of  Birds  is  that  of 
the  Insessores^  or  Perchers — often  spoken  of  as  the  Fassercs,  or 
**  Passerine  "  Birds.  They  are  defined  by  Owen  as  follows  :— 
"  Legs  slender,  short,  with  three  toes  before  and  one  behind,  tk 
two  externa/ toes  united  by  a  very  short  membrane  "  (fig.  318,  A,  B). 

"The Perchers  form  the  largest  and  by  far  the  most  numer- 
ous order  of  birds,  but  are  the  least  easily  recognisable  by  cur 
tinctive  characters  common  to  the  whole  group.  Their  feet, 
being  more  especially  adapted  to  the  delicate  labours  of  niui- 
fication,  have  neither  the  webbed  structure  of  those  of  the 
Swimmers,  nor  the  robust  strength  and  destructive  talor.s 
which  characterise  the  feet  of  the  Birds  of  Rapine,  nor  yet  the 
extended  toes  which  enable  the  Wader  to  walk  safely  over 
marshy  soils  and  tread  lightly  on  the  floating  leaves  of  aqua:jc 
plants;  but  the  toes  are  slender,  flexible,  and  moderatii) 
elongated,  with  long,  pointed,  and  slightly-curved  claws. 

"  The  Perchers  in  general  have  the  females  smaller  and  les 
brilliantly  coloured  than  the  males ;  they  always  live  in  paiis. 
build  in  trees,  and  display  the  greatest  art  in  the  construction 
of  their  nests.  The  young  are  excluded  in  a  blind  and  naked 
state,  and  wholly  dependent  for  subsistence  during  a  certaw 
period  on  parental  care.  The  brain  arrives  in  this  order  at  p 
greatest  proportionate  size ;  the  organ  of  voice  here  attains  its 
greatest  complexity,  and  all  the  characteristics  of  the  bird,  as 
power  of  flight,  melody  of  voice,  and  beauty  of  plumage,  arc 
enjoyed  in  the  highest  perfection  by  one  or  other  of  thegroop 
of  this  extensive  and  varied  order." 

The  structure  of  the  feet,  then,  gives  the  definition  d^ 
order,  but  the  minor  subdivisions  are  founded  on  the  nature" 
the  beak ;  this  organ  varying  in  form  according  to  the  natort 
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of  the  food,  "  which  may  be  small  or  young  birds,  carrion,  in- 
sects, fruit,  seeds,  vegetable  juices,  or  of  a  mixed  kind"  (Owen). 

In  accordance  with  the  faim  of  the  beak,  the  Imesseres  have 
been  divided  into  four  great  sections  or  sub-orders,  known  as 
the  Conirostres,  Deniirostres,  Tmuirostres,  and  Fissiroitres. 

Sub-order  i.  Conirostres. — In  this  section  of  the  Iitsessores 
the  beak  is  strong  and  on  the  whole  conical,  broad  at  the  base 
and  tapering  with  considerable  rapidity  to  the  apex  (i 


(Hn 


.— Irkuori.     a,  Fool  of  Yellow  Wuuil:   B,  Fool  nf  Wan 

.k  (Hawfinch);  D,  Denljraiina  6«ak  (Shrike);  E,  Ttnui 

oing-bird);  F,  Fiuinnual  buk  (Swift). 


C).  The  upper  mandible  is  not  markedly  toothed  at  its  lower 
(nargin.  Good  examples  of  the  conirostral  type  of  beak  are 
to  be  found  in  the  common  Sparrow,  Hawfinch,  or  Bullfinch. 
The  greater  number  of  the  Controstra  are  omnivorous ;  the 
Wmainder  are  granivorous,  or  feed  on  seeds  and  grains.  The 
■uborder  includes  the  families  of  the  Horn-bills  {Bueerotida), 
the  Starlings  (Stumida),  the  Crows  (Corridce),  the  Cross-bilis 
^■£oxiada),  and  the  Finches  and  Larks  {Fringillida). 

In  the  Horn-bills  the  conirostral  shape  of  the  beak  is  masked. 
Partly  by  its  being  of  very  peat  siie,  and  partly  by  the  fact  that 
^bove  the  upper  mandible  is  placed  a  hollow  appendage  like  a 
tind  of  helmet     Both  the  beak  and  the  appendage  above  it 


Rooks,  Carrion-cruws,  K.ivui 
&c),  and  the  Birds  of  Par* 
differ  considerably  from  the  < 
be  separated  as  a  distinct  fam 
beautiful  of  all  birds,  and  are 
and  the  neighbouring  islands 
fruit,  and  are  largely  destroye 
The  natives  who  capture  them 
the  notion  formerly  prevailed 
destitute  of  these  limbs.  It 
the  brilliant  plumage,  the  fern 
in  accordance  witli  this  fact,  i 
adise  are  polygamous,  being 
almost  the  entire  order  of  tJ 
acterised  by  extraordinary  dev 
unequalled  in  any  other  fami 
large  tufts  of  delicate,  brigh 
each  side  of  the  body,  formii 
the  middle  feathers  of  the  tai 
twisted  into  fantastic  shapes,  o 
metallic  tints.  In  another  set 
spring  from  the  head,  the  bai 
intensity  of  colour  and  of  m' 
plumage,  is  not  to  be  equall 
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IT  birds,  of  which  the  Bower-birds  of  Australia  are  per- 
he  most  peculiar.  These  curious  birds  have  the  habit 
Iding  very  elaborate  bowers,  often  very  beautifully  con- 
id  and  of  considerable  size,  in  which  they  amuse  them- 
and  apparently  make  love  to  one  another.  These  bowers 
lolly  independent  of  their  nests,  which  they  construct 
lere. 

:  last  family  of  the  Conirostres  is  that  of  the  Fringillida^ 
bing  the  Finches,  Linnets,  and  I^rks.  In  these  birds 
1  is  stout  and  conical,  with  a  sharp  apex,  but  not  having 
per  mandible  toothed.  The  toes  are  adapted  for  perch- 
ad  are  provided  with  long  and  curved  claws,  that  of 
ider  toe  being  usually  longer  than  the  rest.  They  are 
;  all  monogamous,  and  they  build  more  or  less  elaborate 

In  this  family  are 
le  Finches  {Fringilla), 
arrows,  {Pyrgita),  the 
3  and  Goldfinches 
^is)y  the  Whydah 
»  (  Vidua)y  the  Gros- 
(Coccothraustes),  the 
ches  (Pyrrhula\  and 
others,  but  their  num- 
.re  so  great  that  any 
•  notice  of  them  is 
sible  here.  It  may 
Dtioned,  however,  that 

inches  of  the  Old  World  are  represented  in  the  tropical 
of  America  by  the  Tanagers  (Tanagn'da),  remarkable 
jir  brilliant  colours. 

J  only  remaining  members  of  the  Conirostres  which 
e  notice  are  the  Cross-bills  {Loxtadcc\  which  are  some- 
placed  with  the  Finches,  and  sometimes  considered 
jparate  family.  In  these  birds  the  structure  of  the  beak 
peculiar  that  its  conirostral  character  is  completely 
:d,  and  it  has  been  looked  upon  as  a  deformity.  Both 
bles,  namely,  cross  one  another  towards  the  tip,  giving 
itire  bill  a  most  remarkable  appearance.  In  point  of 
lowever,  instead  of  being  a  deformity,  the  bill  of  the 
•bills  is  a  beautiful  natural  adaptation,  enabling  the  bird 
he  greatest  facility  to  tear  in  pieces  the  hard  fir-cones,  on 
eds  of  which  it  feeds. 

Hfrder  2..  Dentirosires, — The  birds  in  this  section  are 
:terised  by  the  fact  that  the  upper  mandible  is  provided 
.  distinct  notch  in  its  lower  margin  near  the  tip  (fig.  318, 


Fig.    319. — Head  of  the  common  Bullfinch 
(Pyrrhula    vulgaris)^  showing    the    coni- 


rostral beak. 
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D).  They  all  feed  chiefly  upon  insects.  This  sub-order  in- 
cludes the  Shrikes  {Laniida),  the  Fly-catchers  (Muscuapida)^ 
the  Thrushes  (Mcrulida),  the  Tits  {Farida)^  and  the  Warbleis 
(Syiviadix). 

The  Muscicqpida,  including  the  numerous  species  of  Ry- 
catchers,  are  the  most  insectivorous  of  the  Dentirostres,  The 
gape  is  wide  and  bordered  with  bristles,  and  the  legs  are  short 
and  weak.  They  are  mostly  sedentary,  catching  their  pre}* 
from  a  fixed  point. 

The  Shrikes  are  highly  predaceous  birds,  which  m  many 
respects  make  a  close  approach  to  the  true  Birds  of  Prey. 
They  feed,  however,  mostly  upon  worms  and  insects,  and  only 
occasionally  destroy  small  birds  or  mice. 

The  great  family  of  the  Thrushes  (Merulidci)  comprises  not 
only  the  true  Thrushes,  Fieldfares,  and  Blackbirds,  but  a 
number  of  exotic  forms,  of  which  the  most  familiar  arc  the 
Orioles,  so  well  known  for  their  brilliant  plumage  and  their 
beautifully-constructed  nests. 

In  the  SylviadcSy  amongst  other  forms,  are  the  Wagtails 
{MoiacillidcB)  and  the  Pipits  {Anthus),  the  Titmice,  Robins, 
Hedge-s|)arrow,  Stonechat,  Redstarts,  and  other  well-kno^ii 
British  birds.  The  Titmice  {Paridce)  are  often  placed  in  the 
sub-order  of  the  Conirostres,  The  Nightingale  also  belongs  to 
this  family. 

Sub-order  3.  Tcnnirostres, — The  members  of  this  sub-order 
are  characterised  by  the  possession  of  a  long  and  slender  beak, 
gradually  tapering  to  a  point  (fig.  318,  E).  The  toes  are  ven- 
long  and  slender,  the  hind-toe  or  hallux  especially  sa  Most 
of  the  Tenuirostral  birds  live  upon  insects,  and  some  of  these 
present  a  near  resemblance  in  many  of  their  characters  to  the 
Dentirostres^  but  it  is  asserted  that  some  live  partially  or  wholly 
on  the  juices  of  flowers. 

The  chief  families  of  the  Tcnnirostres  are  the  Creepeis 
{Ccrthidce\  the  Honey-eaters  {Mclip/iagida),  the  Humwing- 
birds  {Trochilid(B\  the  Sun-birds  {Promeropida:\  and  the 
Hoopoes  {Upupidcc\  of  which  only  the  Creepers  and  Hum- 
ming-birds need  any  further  notice. 

The  family  Certhida  includes  several  familiar  British  birds, 
such  as  the  little  brown  Creeper  {Certhia  familiaris\  the 
Nuthatch  {Sitta  Europma),  and  the  Wrens  (Troglodytes).  With 
these  are  a  number  of  exotic  forms,  of  which  the  singular 
L}Te-birds  of  Australia  are  the  most  remarkable. 

The  family  of  the  TroM/ida,  or  Humming-birds,  includes 
the  most  fragile  and  brightly  coloured  of  all  the  birds,  some 
not  weighing  more  than  tAventy  grains  when  alive,  and  many 
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ig  the  most  brilliant  play  of  metallic  colours.  The 
ng>birds  are  pre-eminently  South  American,  but  extend 
xds  as  far  even  as  the  southern  portions  of  Canada. 
I  (fig.  318,  E)  is  always  very  long  and  slender,  as  are 
;  aiso.  The  tongue  is  bifid  and  tubular,  and  appears  to 
either  to  catch  insects  within  the  corollas  of  flowers, 
ck  up  the  juices  of  the  flowers  themselves.  The  plum- 
he  males  is  always  brilliant,  with  metallic  reflections, 
the  female  generally  sombre.  The  legs  are  short  and 
>ut  the  wings  are  proportionately  very  long,  and  the 
exceedingly  rapid. 

Sun-birds  represent  in  the  Old  World  the  Humming- 
f  the  western  hemisphere,  and  the  Australian  Honey- 
ihow  also  many  points  of  resemblance  to  the  Tra^ 

rder  4.  Fissirostns, — In  this  sub-order  of  the  Insessores 
c  is  short  but  remarkably  wide  in  its  gape  (fig.  318,  F), 
opening  of  the  bill  is  fenced  in  by  a  number  of  bristles 
r).  This  arrangement  is  in  accordance  with  the  habits 
Fissirostres,  the  typical  members  of  which  live  upon 
and  take  their  prey  upon  the  wing.  The  most  typical 
tral  birds,  in  fact,  such  as  the  Swallows  and  Goat- 
fly  about  with  their  mouths  widely  opened ;  and  the 
which  they  catch  in  this  way  are  prevented  from  escap- 
tly  by  the  bristles  which  border  the  gape,  and  partly  by 
\  saliva  which  covers  the  tongue  and  inside  of  the 

jroup  of  the  Fissirosires,  with  various  additions  (notably 
.t  of  the  Humming-birds),  is  often  raised  to  the  rank  of 
:t  order  (the  Volitores  of  Professor  Owen), 
typical  FissirostreSy  characterised  by  the  structure  of 
k,  comprise  three  families — the  Swallows  and  Martins 
Htiidce\  the  Swifts  {Cypselidce\  and  the  Goatsuckers 
xulgidcR),    These  three  families  differ  in  many  important 

firom  one  another,  but  it  would  be  inconvenient  to 
J  them  here.  The  Swifts,  especially,  are  remarkable 
pecuHarity  that  whilst  the  hallux  is  present,  it  is  turned 
s  along  with  the  three  anterior  toes.  The  Goatsuckers, 
mnt  their  prey  by  night,  and  they  are  provided  with 
e  eyes  and  thick  soft  plumage  of  all  nocturnal  birds, 
the  above,  there  remain  the  two  families  of  the  King- 
ind  Bee-eaters,  which  are  generally  placed  amongst  the 
trts^  though  in  very  many  respects  the  arrangement 

to  be  an  unnatural  one.  These  families  are  charac- 
by  their  stronger  and  longer  bills,  and  by  having  the 
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external  toe  nearly  as  long  as  the  middle  one,  to  which  it  is 
united  nearly  as  far  as  the  penultimate  joint  In  consequcDce 
of  this  peculiar  conformation  of  the  toes,  these  families  were 
united  by  Cuvier  into  a  single  group  under  the  name  of 
Syndadyli, 

The  CaprimuIgid(B  are  intermediate  between  the  Owls  and 
the  Passerine  Birds.  Their  plumage  is  lax  and  soft,  and  thcjr 
have  a  hawking  flight.  The  eyes  and  ears  are  laige,  the  feel 
short  and  weak,  and  the  gape  of  enormous  size  and  bordered 
by  vibrissae.  Amongst  the  more  remarkable  members  of  the 
family  may  be  mentioned  the  Whip-poor-will  (Antrvstomus 
vocifems)  of  North  America,  the  More-pork  (Podargus  Curien) 
of  Australia,  and  the  extraordinar)'  Guacharo  Bird  (Sieaiomis 
Caripensis)  of  the  valley  of  Caripe  in  the  West  Indies. 

The  Hiruudinida  have  a  wide  gape,  with  few  or  no  vibrissae, 
the  wings  being  very  long  and  the  feet  short  and  weak.  All 
the  Swallows  feed  upon  insects,  which  they  catch  upon  the 
wing,  and  they  have  a  cosmopolitan  range. 

The  Swifts  {Cypselidce),  though  closely  resembling  the  Swal- 
lows in  external  appearance  and  mode  of  life,  have  little  real 
affinity  to  them.  The  gape  is  extremely  wide  ;  the  wings  are 
very  long  and  pointed  ;  the  feet  are  short  and  weak ;  and  the 
hallux  is  either  permanently  turned  sideways  or  forwards,  or 
can  be  made  to  assume  this  position  at  the  will  of  the  bird. 
The  Swifts  are  very  widely  distributed  in  temperate  and  warm 
regions.  The  "  edible  bird's-nests  "  of  the  Chinese  are  made 
of  the  inspissated  saliva  of  a  Swift  ( CoUocalid), 

The  Bee  eaters  {Meropida)  live  upon  insects,  chiefly  upon 
various  species  of  bees  and  wasps ;  but  the  Kingfishers  live 
upon  small  fish,  which  they  capture  by  dashing  into  the  water. 
The  common  Kingfisher  {Alcedo  ispida)  is  a  somewhat  rare 
native  of  Britain,  and  is  perhaps  the  most  beautiful  of  British 
birds.  Some  exotic  Kingfishers  are  of  large  size,  and  one  of 
the  most  remarkable  of  them  is  the  Laughing  Jackass  {Ddcdo 
gi^tts)  of  Australia,  so  called  from  its  extraordinary  song,  re- 
sembling a  prolonged  hysterical  laugh.  A  very  beautiful  speaes 
is  the  belted  Kingfisher  {Cerylc  akyon)  of  North  America. 

The  Bee-eaters  are  found  chiefly  in  the  warmer  regions  of 
the  Old  World,  and  their  place  is  taken  in  America  by  the 
Motmots  {Momotus), 

As  regards  their  distribution  in  time,  the  Insessores  are  not 
known  in  rocks  older  than  the  Tertiary.  The  Elocene  Slates 
of  Glaris  have  yielded  the  Passerine  Protorms  Glarisicnsis; 
and  in  the  Eocene  deposits  of  the  Paris  basin  occur  remains 
of  the  Passerine  genera  Lauriilardia  and  Paiaogithalus,    The 
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Kingfishers  seem  to  be  also  represented  at  the  same  period  by 
the  Halcyomis  hliapicus  of  the  London  Clay.  The  Insessorial 
remains  of  the  later  Tertiary  and  Post-Tertiary  deposits  pre- 
sent no  features  of  special  interest. 

Order  VI.  Raptores  (Aetomorpha). — All  the  members  of 
this  order  arc  characterised  by  the  shape  of  Ihe  bill,  which  is 
"strong,  curved,  sharp-edged,  and  sharp-pointed,  often  armed 
with  a  lateral  tooth"  (Owen).  The  upper  mandible  is  the 
longest  (fig.  320,  B),  and  is  strongly  hooked  at  the  tip.  The 
body  is  very  muscular ;  the  legs  are  robust,  short,  with  three  toes 
in  front  and  one  behind,  all  armed  with  long,  curved,  crooked 
daws  or  talons  (fig.  320,  A) ;  the  wings  are  commonly  pointed. 


f  of  considerable  size,  and  ihe  flight  is  usually  rapid  and 
powerful.  The  Birds  of  Rapine  are  monogamous,  and  the 
female  is  larger  than  the  male.  They  build  their  nests  generally 
in  lofty  and  inaccessible  situations,  and  rarely  lay  more  than 
four  eggs,  from  which  the  young  are  liberated  in  a  naked  and 
helpless  condition. 

The  order  Raptores  is  divided  into  two  great  sections — the 
Nocturnal  Birds  of  Prey,  which  hunt  by  night  and  have  the 
eyes  directed  forwards ;  and  the  Diurnal  Raptores,  which 
catch  their  prey  by  day,  and  have  the  eyes  directed  laterally. 

The  section  of  the  Nocturnal  Raptores  includes  the  single 
iamily  of  the  Strigida,  or  Owls.  In  these  birds  the  eyes  are 
lai^e  and  are  directed  forwards.  The  plumage  is  exceedingly 
loose  and  soft,  so  that  their  flight  (even  when  they  are  of  lai^e 
size)  is  almost  noiseless  ;  and  it  is  generally  spotted  or  barred 
iritti  different  shades  of  grey,  brown,  or  yellow.  The  beak  is 
short,  strongly  hooked,  furnished  with  bristles  at  its  base,  and 
having  the  nostrils  pierced  in  a  membranous  "  cere  "  at  the  base 
Of  the  upper  mandible.  The  cranial  bones  are  highly  pneumatic, 
ftnd  the  head  is  therefore  of  large  size.   The  feathers  of  the  face 
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usually  form  an  incomplete  or  complete  "  disc  "  or  drcle  nnind 
each  eye  (tig.  321,  B),  and  a  circle  of  plumes  is  likewise  placed 


IdKla) ;  B,  Had  at  While  OwJ 


round  each  external  meatus  auditorius.  Besides  this  auricular 
circle  of  feathers,  the  external  meatus  of  the  ear  is  likenisi 
protected  by  a  fold  of  skin.  The  legs  are  short  and  strong, 
and  are  furnished  with  four  toes,  all  armed  with  strong  crookrf 
talons.  The  outer  toe  can  he  turned  backwards,  so  thai  iHe 
foot  has  some  resemblance  to  that  of  the  Scansores.  The  tarso- 
metatarsus  is  densely  feathered  (fig.  32r,  A),  and  the  plumes 
sometimes  extend  to  the  extremities  of  the  toes.  The  oso- 
phagus  is  not  dilated  into  a  crop ;  and  the  indigestible  portions 
of  the  food  are  rejected  by  regurgitation  from  the  stomich 
in  the  form  of  small  pellets.  The  Owls  hunt  their  prej*  in 
the  twilight  or  on  moonlight  nights,  occasionally  by  day,  Jnd 
they  live  mostly  upon  the  lesser  Mammalia  and  small  birds, 
though  they  will  also  eat  insects  or  frogs. 

The  section  of  the  Diurnal  Raptores  includes  the  foiirgroais 
of  the  Falconida,  the  Vitlturidte,  the  Catharltda,  and  the  Gjf^ 
geranida.  The  eyes  in  this  section  are  much  smaller  than  io 
the  preceding,  and  are  placed  laterally;  and  the  plumage  is  W 
soft.  As  regards  their  power  of  flight,  they  show  a  decidrf 
advance  upon  the  Nocturnal  Birds  of  Prey.  The  wings  3ff 
long  and  pointed ;  the  sternal  keel  and  pectoral  muscles  art 
greatly  developed  ;  and  many  of  the  members  of  this  seduW 
exhibit  a  more  rapid  power  of  locomotion  than  is  seen  in  jut 
other  division  of  the  animal  kingdom.  The  bill  is  long  aw 
strong,  with  a  large  "  cere  "  at  the  base  of  the  upper  mandiMt 
in  which  the  nostrils  are  pierced.  The  tarso-metatarsuf  jwl 
toes  are  usually  covered  by  scales,  and  are  rarely  feathersd 
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.asdy,  the  oesophagus  is  dilated  into  a  capacious  crop,  the 
;izzard  is  thin,  the  intestinal  caeca  are  rudimentary,  and  the 
Dtestinal  canal  is  generally  short  and  wide. 

In  the  Fakonida  (fig.  320,  B)  the  head  and  neck  are  always 
lothed  with  feathers,  and  the  eyes  are  more  or  less  sunk  in 


he  head,  and  provided  with  a  superciliary  ridge  or  eyebrow. 
X  is  to  a  great  extent  to  the  presence  of  this  ridge  that  many 
rf  these  birds  owe  their  fearless  and  bold  expression.  In  this 
amily  are  the  Falcons,  Hawks,  Buzzards,  Kites,  Harriers,  and 
Eagles,  most  of  which  are  so  well  known  that  any  description 
S  unnecessary. 

The  Old  World  Vultures  ( Vullurida),  as  shown  by  Professor 
Haxley,  are  really  closely  allied  to  the  FaUonida  proper,  from 
vhich  they  are  hardly  separable  as  a  family.  They  live  how- 
svcr,  principally  upon  carrion,  are  destitute  of  an  eyebrow,  and 
lave  the  head  and  neck  frequently  naked  or  covered  only  with 
Lshort  down  (fig.  322).  In  this  group  are  the  typical  "Vut- 
lires  "  {  Vultur,  Neophron,  &c.),  and  the  great  Bearded  Vulture 
*r  lammergeyer  {Gypaitos  barhatus)  of  the  mountain-ranges 
>f  the  south  of  Europe  and  the  west  of  Asia. 

The  American  Vultures  form  the  separate  family  of  the 
'^athartida.  They  have  no  eyebrows;  the  head  and  upper 
>Brt  of  the  neck  are  unfeathered ;  the  bill  is  not  powerfully 
Kptorial ;  the  feet  have  the  anterior  toes  partially  webbed  ;  the 
%lons  are  blunt  and  little  curved  ;  there  is  no  inferior  larynx ; 
Ud  the  gullet  dilates  into  a  veiy  large  crop.    They  all  feed 
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principally  upon  carrion,  and  are  filthy  and  cowardly  bink 
The  wings,  however,  are  long  and  strong,  and  they  possess 
great  powers  of  flight  This  group  comprises  the  Califomian 
Vulture  {Cathartes  Califortiianus)  of  Western  North  America, 
the  King  Vulture  {Sarcoramphus  papa)  of  tropical  America, 
and  the  famous  and  gigantic  Condor  (Sarcoramphus  gryfku^ 
of  South  America. 

Lastly,  the  family  of  the  Gypogeranida  includes  only  the 
single  genus  Gypogerantis  or  SerpmtariuSy  including  only  the 
curious  "  Secretary  Bird  "  of  Africa.  In  this  singular  bird,  the 
legs  are  long  and  slender,  with  an  unfeathered  tarso-metatarsus, 
thus  resembling  a  typical  Wader ;  whilst  the  wings  are  lon^  and 
armed  with  blunt  spurs.  The  Secretary-bird  lives  prinapally 
upon  Snakes  and  other  reptiles,  which  it  kills  by  blows  from 
its  feet  and  wings. 

As  regards  their  distribution  in  time^  the  Raptons  seem  to 
make  their  first  appearance  in  the  Eocene  Tertiary,  where  both 
sections  of  the  order  are  represented,  the  Diurnal  forms  by  the 
Lit/ioniis  vulturinus  of  the  London  Clay,  and  the  Nocturnal  by 
the  Bubo  leptosteus  of  the  Eocene  of  Wyoming.  Amongst  the 
later  representatives  of  the  group  may  be  mentioned  the  Har- 
pagornis  of  the  Post-Tertiary  of  New  Zealand,  a  colossal  Bird 
of  prey,  which  was  a  contemporary  of  the  Moas. 


CHAPTER   LXVIII. 

SAURORNITHES  AND   ODONTORNITHES. 

Sub-class  III.   Saurornithes. 

Order  I.  Saurur^e. — This  order  includes  only  the  extinct 
bird,  the  ArchcBopteryx  macrura  (fig.  323),  a  single  specimen 
of  which — ^and  that  but  a  fragmentary  one — has  been  dis- 
covered in  the  Lithographic  Slates  of  Solenhofen  (Upper 
Oolites).  This  extraordinary  bird  appears  to  have  been  about 
as  big  as  a  Rook ;  but  it  differs  from  all  known  birds  in  ha^ii^ 
two  free  claws  belonging  to  the  wing,  and  in  having  a  L^ 
lizard-like  tail^  longer  than  the  body^  and  composed  of  separaU 
Vertebra,  T/te  tail  was  destitute  of  any  plougJishare4font^  W 
each  vertebra  carried  a  single  pair  of  quills.  The  nuttuaffi 
bones ^  also,  were  not  anchylosed  toget/ur  as  they  are  in  allf^ 
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immm  birds,  living  or  extinct,  and  two  of  the  digits  appear  to 
hajt  been  unguiadaie. 

The  sub-class  Sauromithes  includes  only  the  single  order 
Saurura,  of  which  no  Other  representative  is  known  than  the 


Fi^  333. — Anhjf^ttryx  masratrtt^  showing  uj]  and  tAjl-feaEhert,  with  detached  bones- 


Jurassic  Archaopteryx.  From  the  presence  of  feathers  it  may 
be  inferred  that  Archaopteryx  was  hot-blooded,  and  this  char- 
acter, taken  along  with  the  structure  of  the  extremities,  is 
sufficient  to  justify  the  reference  of  this  unique  fossil  to  the 
Birds.  In  the  long  lizard-like  tail,  composed  of  numerous  free 
■vertebrae,  each  of  which  bears  a  pair  of  tail-feathers,  in  the  fact 
that  the  metacarpals  were  not  anchylosed  together,  and  in  the 
possession  of  two  free  clawed  digits  to  the  raanus,  Archtxepteryx 
differs  from  all  other  known  birds,  living  or  extinct.  There  is 
also  some  reason  to  believe  that  the  jaws  were  furnished  with 
teeth  sunk  in  distinct  sockets. 

Sub-class  IV.  Odontornithes. 

Okder  I.  Odontolc*. — This  order  has  been  founded  by 
Harsh  for  the  reception  of  the  extraordinary  Htsperomis 
'^galis,  from  the  Cretaceous  rocks  of  North  America.  In 
this  wonderful  fossil  we  have  a  gigantic  diving-bird  somewhat 
X'eaembling  the  true  "Divers"  or  "Loons"  {Colymbus),  but 
luving  the  jaws  furnished  with  numerous  conical  recurved 
JRotf^,  sunk  in  a  deep  continuous  groove  (fig.  324,  b  and  d). 

The  front  of  the  upper  jaw  does  not  carry  teeth,  and  was 
XMobably  encased  in  a  homy  beak.  The  breast-bone  is  entirely 
2Q 
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destitute  of  a  central  ridge  or  keel,  and  the  wings  are  minute 
and  quite  rudimentary ;  so  that  Hesperornis,  unlike  Ichthyarnis^ 


Fie.  324. — Toothed  Birds  {Ocfflntcnttithts)  of  the  Cretaceous  rocks  of  America.  «,  Left 
lower  jaw  of  hhthyorttis  dispar,  slightly  enlarged  ;  b.  Left  lower  jaw-  ot  liesprr^rv:* 
regaliSt  reduced  to  nearly  one-fourth  of  the  natural  size :  c.  Cervical  verteba  c* 
Icnthvomis  dispar,  front  view,  twice  the  natural  size;  c\  Side  view  of  the  »aine:  «i 
Tooth  of  Hesperoniis  rcgaljs,  enlarged  to  twice  the  natural  siie.     (After  Marsh.) 

must  have  been  wholly  deprived  of  the  power  of  flight,  in  this 
respect  approaching  the  existing  Penguins.     The  tail  consists 
of  about  twelve  vertebrae,  of  which  the  last  three  or  four  are 
amalgamated  to  form  a  flat  terminal  mass,  there  being  at  the 
same  time  clear  indications  that  the  tail  was  capable  of  up  and 
down  movement  in  a  vertical  plane,  this  probably  fitting  it  to 
serve  as  a  swimming-paddle  or  rudder.     The  vertebrae  of  the 
cervical  and  dorsal  regions  are  of  the  ordinary  ornithic  t)*pe. 
The   legs   were   powerfully   constructed,   and   the  feet  were 
adapted  to  assist  the  bird  in  rapid  motion  through  the  water. 
The  known  remains  of  Hcsperomis  regalis  prove  it  to  have 
been  a  swimming  and  diving  bird,  of  larger  dimensions  than 
any  of  the  aquatic  members  of  the  class  of  Birds  with  which 
we  are  acquainted  at  the  present  day.     It  appears  to  have 
stood  between  five  and  six  feet  high,  and  its  inability  to  fly  is 
fully  compensated  for  by  the  numerous  adaptations  of  its  siroc- 
ture  to  a  watery  life.     Its  teeth  prove  it  to  have  been  cami^'Of- 
ous  in  its  habits,  and  it  probably  lived  upon  fishes. 

From  the  next  order,  the  present  is  readily  distinguished  bj 
the  fact  that  the  vertebra  resemble  those  of  recent  birds,  the  stir- 
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M  is  without  a  keel^  the  wings  are  rudimefttary^  and  the  teeth 
t  implanted  in  a  groove  in  the  jaw  and  not  in  separate  sockets. 
Order  II.  ODONXOTORMiE. — This  order  has  been  founded 

Marsh  for  the  reception  of  two  remarkable  birds,  which  he 
s  named  IcJithyornis  dispar  and  Apatornis  ceier,  both  from 
B  Cretaceous  rocks  of  North  America. 
In  Ic/Uhyomis  dispar^  which  may  be  taken  as  the  type  of  the 
der,  the  teeth  (fig.  324,  a)  were  sunk  in  distinct  sockets,  and 
are  "small,  compressed,  and  pointed,  and  all  of  those  pre- 
rved  are  similar.  Those  in  the  lower  jaw  number  about 
enty  in  each  ramus,  and  are  all  more  or  less  inclined  back- 
irds.  .  .  .  The  maxillary  teeth  appear  to  have  been 
ually  numerous,  and  essentially  the  same  as  those  in  the 
indible.  The  skull  was  of  moderate  size,  and  the  eyes 
iced  well  forward.  The  lower  jaws  are  long  and  slender, 
d  the  rami  were  not  closely  united  at  the  symphysis.  .  .  . 
le  jaws  were  apparently  not  encased  in  a  homy  sheath. 
"  The  scapular  arch,  and  the  bones  of  the  wings  and  legs, 

conform  closely  to  the  true  ornithic  type.  The  wings  were 
ge  in  proportion  to  the  legs,  and  the  humerus  had  an 
tended  radial  crest.  The  metacarpals  were  united,  as  in 
dinary  birds.  The  bones  of  the  posterior  extremities  re- 
aable  those  of  swimming  birds.  The  vertebrae  (see  fig.  324, 
ind  (f)  were  all  biconcave,  the  concavities  at  each  end  of 
e  centra  being  distinct  and  nearly  alike.  Whether  the  tail 
IS  elongated  cannot  at  present  be  determined ;  but  the  last 
rtebra  of  the  sacrum  was  unusually  large. 
**  The  bird  was  fully  adult,  and  about  as  large  as  a  pigeon. 
ith  the  exception  of  the  skull,  the  bones  do  not  appear  to 
ve  been  pneumatic,  though  most  of  them  are  hollow.  The 
ecies  was  carnivorous,  and  probably  aquatic."  (Marsh.) 
Apatornis  agrees  with  Ichthyortiis  in  most  of  the  above  char- 
ters, but  the  structure  of  its  jaws  is  not  fully  known.  It 
lows  from  the  above  that  the  order  Odontotormce  is  char- 
terised  by  the  possession  of  distinct  teeth  sunk  in  separate 
'kets  in  the  Jaw  and  not  in  a  continuous  grooz'Cy  by  the  fact  that 
f  vertebra  are  biconcave,  and  by  the  possession  of  a  carinate 
mum  atui  well-dcoeloped  wings, 
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DIVISION  III.— MAMMALIA. 


CHAPTER    LXIX. 

GENERAL  CHARACTERS  OF  THE  MAMMAUA. 

The  last  and  highest  class  of  the  Vertebratay  that  of  the  Mom- 
ma/ia,  may  be  shortly  defined  as  including  Vertebrate  amwuJs 
in  which  some  part  or  other  of  the  integument  is  always  prtwidd 
with  hairs  at  some  time  of  life;  and  t/ie  young  are  nourished Jor 
a  longer  or  shorter  time,  by  means  of  a  special  fluid — the  milk- 
secreted  by  special  glands — tlie  mammary  glands.  These  two 
characters  are  of  themselves  sufficient  broadly  to  separate  the 
Mammals  from  all  other  classes  of  the  Vertebrate  sub-king- 
dom. In  addition,  however,  to  these  two  leading  peculiarities, 
the  Mammals  exhibit  the  following  other  characters  of  scarcely 
less  importance : — 

1.  The  skull  articulates  with  the  vertebral  column  by  means 
of  a  double  articulation,  the  occipital  bone  carrying  two  con- 
dyles, in  place  of  the  single  condyle  of  the  Reptiles  and  Birds 

2.  The  lower  jaw  or  mandible  consists  of  two  halves  or 
rami,  united  anteriorly  by  a  symphysis,  but  not  necessarily 
anchylosed ;  but  these  are  each  composed  of  a  single  piece, 
instead  of  being  complex  and  consisting  of  several  pieces,  as 
in  the  Reptiles  and  Birds.  Further,  the  lower  jaw  always 
articulates  directly  with  the  squamosal  element  of  the  skuD, 
and  is  never  united  to  an  os  quadratum,  as  in  the  Sauropsida. 

3.  The  two  hemispheres  of  the  cerebral  mass,  or  brain  proper, 
are  united  together  by  a  more  or  less  extensively  developed 
"  corpus  callosum  "  or  commissure. 

4.  The  heart  consists — as  in  Birds — of  four  cavities  or 
chambers,  two  auricles  and  two  ventricles.  The  right  and  left 
sides  of  the  heart  are  completely  separated  from  one  another, 
and  there  is  no  communication  between  the  pulmonary  and 
systemic  circulations.  The  red  blood  -  corpuscles  are  noo- 
nucleated,  and,  with  the  exception  of  those  of  the  CameUk^ 
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they  are  circular  biconcave  discs.  There  is  only  one  aorta — 
the  left — which  turns  over  the  left  bronchus,  and  not  over  the 
right,  as  it  does  in  Birds. 

5.  The  cavities  of  the  thorax  and  abdomen  are  completely 
separated  from  one  another  by  a  muscular  partition — the  dia- 
phragm or  midriff. 

6.  The  respiratory  organs  are  in  the  form  of  two  lungs 
placed  in  the  thorax,  but  none  of  the  bronchi  end  in  air-recep- 
tacles, distributed  through  the  body,  as  in  Birds. 

7.  The  embryo  mammal  is  invariably  enveloped  in  an  am- 
nion, and  an  allantois  is  never  wanting.  The  allantois,  how- 
ever, either  disappears  at  an  early  period  of  life,  or  it  develops 
the  structure  known  as  the  "placenta."  The  placenta  is  a 
vascular  organ  which  serves  as  a  means  of  communication 
between  the  parent  and  the  foetus,  but  it  will  be  noticed  more 
particularly  hereafter. 

8.  In  no  Mammal  do  the  visceral  arches  and  clefts  of  the 
embryo  ever  cany  branchiae,  as  they  do  in  the  fishes  and 
Amphibians. 

These  are  the  essential  characters  which  distinguish  the 
Mammalia  as  a  class,  but  it  will  be  necessary  to  consider  these, 
and  some  other  points,  in  a  more  detailed  manner. 

In  the  first  place,  with  regard  to  the  osteology  of  the  Mam- 
mals, the  following  points  should  be  noticed  : — 

With  the  exception  of  the  Whales  and  Dolphins  {Cetacea), 
and  the  Dugongs  and  Manatees  {Sirenia)^  the  vertebral  column 
is  divisible  into  the  same  regions  as  in  man — namely,  into  a 
cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coccygeal  region 
(see  fig.  224).  In  the  Cetacea  and  Sirenia  the  dorsal  region 
of  the  spine  is  followed  by  a  number  of  vertebrae  which  com- 
pose the  hinder  extremity  of  the  body,  but  which  cannot  be 
separated  into  lumbar,  sacral,  and  caudal  vertebrae. 

In  spite  of  the  great  difierence  which  is  observable  in  the 
length  of  the  neck  in  different  Mammals,  the  number  of 
vertebrae  in  the  cervical  region  is  extraordinarily  constant, 
being  almost  invariably  seven,  as  in  man.  In  diis  respect 
there  is  no  difference  between  the  Whale  and  the  Giraffe. 
The  only  exceptions  to  this  law  are  the  Manatees  (Manattis) 
which  have  but  six  cervical  vertebrae ;  the  three-toed  Sloth 
{Bradypus  tridadylus),  which  is  commonly  regarded  as  posses- 
sing nine,  though  competent  anatomists  would  refer  the  pos- 
terior two  of  these  to  the  dorsal  region ;  and  one  of  the  two- 
toed  Sloths  (Choiospus  Hoffmanni)^  which  has  only  six  cervical 
vertebrae. 
The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but  they 


odoiiluid  prniL^'^  is  niso  «-,inlin- 
III  :ilmo,',i  all  Mammals  tin;  s]. 
verlebrK  ^re  very  largely  develop 
structure  which  is  known  as  the  i 
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The  number  of  lumbar  and  sa 
varies  in  different  Mammals ;  b' 
brae  are  anchylosed  into  a  singlf 
abutting  against  them,  thus  i 
human  anatomists.  In  the  Ca 
hind-limbs  are  wanting,  and  thi 

The  thoracic  cavity  or  chest 
by  a  series  of  ribs,  the  number 
dorsal  vertebrae.  In  most  ca 
head  with  the  bodies  of /aw  ve 
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"  Sternal  ribs  "  of  Aves  are  represented  by  the  "  costal  carti- 
lages "  of  the  Mammals.  In  some  cases,  however,  the  carti- 
lages of  the  ribs  do  become  ossified  and  constitute  sternal  ribs. 
Sometimes,  as  in  the  Armadillos,  there  is  a  joint  between  the 
vertebral  ribs  and  sternal  ribs.  More  rarely,  as  in  the  Man<h 
tremes  (fig.  327,  D),  an  intermediate  piece  is  found  between 
the  vertebral  and  costal  portions  of  the  rib.  Only  the  anterior 
ribs  reach  the  sternum,  and  these  are  called  the  "  true  "  ribs ; 
the  posterior  ribs,  which  fall  short  of  the  breast-bone,  being 
known  as  the  '^  false  "  ribs. 

The  sternum  or  breast-bone  is  formed  of  several  pieces 
placed  one  behind  the  other,  but  usually  anchylosed  together 
to  form  a  single  bone.  It  is  placed  upon  the  ventral  surface 
of  the  body,  and  is  united  with  the  vertebral  column  by  the 
ribs  and  their  cartilages.  It  is  generally  a  long  and  narrow 
bone,  but  in  the  Cetacea  it  is  broad.  It  is  only  in  some  bur- 
rowing animals  (such  as  the  Moles)  and  in  the  true  flying 
Mammals  (the  Bats),  that  the  sternum  is  provided  with  any 
ridge  or  keel  for  the  attachment  of  the  pectoral  muscles,  as 
it  is  in  Birds.  The  sternum  is  primitively  composed  of  three 
pieces,  an  anterior  piece  or  prasternum,  a  middle  piece  or 
mesostemuMy  and  a  posterior  piece  or  xiphisternutn.  The 
praestemum  is  the  "manubrium  stemi"  of  human  anatomy,  and 
IS  the  portion  of  the  sternum  which  lies  in  front  of  the  attach- 
ment of  the  second  pair  of  ribs.  All  the  other  ribs  are  con- 
nected with  the  mesosternum.  The  xiphistemum  is  the 
"xiphoid  cartilage"  of  human  anatomy,  and  it  commonly 
remains  throughout  life  more  or  less  unossified.  In  the  Mono- 
treroes  there  is  a  T-shaped  bone  above  or  in  front  of  the 
praestemum,  but  this  is  to  be  regarded  as  belonging  to  the 
shoulder-girdle,  and  as  representing  the  "epistemum"  or 
"interclavicle"  of  the  Reptiles. 

The  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior ;  and  hence  they  are  often  spoken 
of  as  "  quadrupeds,"  though  all  the  limbs  are  not  universally 
present,  and  other  animals  have  four  limbs  as  well.  The  ante- 
rior limbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Cetacea  and  Sirenia. 

As  regards  the  structure  of  the  anterior  limb,  the  chief  points 
to  be  noticed  concern  the  means  by  which  it  is  connected  with 
the  trunk.  The  scapula  or  shoulder-blade  is  never  absent,  and 
it  is  in  the  form  of  a  broad  flat  bone  (rarely  long  and  narrow), 
applied  to  the  outer  aspect  of  the  ribs,  and  much  more  devel- 
oped than  in  the  Birds.  The  coracoid  bone,  which  forms  such 
a  marked  feature  in  the  scapular  arch  of  Aves^  is  fused  with  the 
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scapula,  and  only  articulates  with  the  sternum  in  the  Duck- 
mole  and  Echidna  {Monotranata).  In  all  other  Mammals  the 
coracoid  forms  merely  a  process  of  the  scapula,  and  does  not 
reach  the  top  of  the  breast-bone.  The  collar-bones  or  clav- 
icles never  unite  in  any  Mammal  to  form  a  *'  furculum,"  as  in 
Birds ;  but  in  the  Monotremes  they  unite  with  an  "  inteidar- 
icle/'  placed  in  front  of  the  sternum.  The  clavides,  in  point 
of  fact,  are  not  present  in  a  well-developed  form  in  any  Mam- 
mals except  in  those  which  use  the  anterior  limbs  in  flight,  in 
digging,  or  in  prehension.  The  CetaceOy  the  Hoofed  Quadiu- 
peds  ( Ungulaia)y  and  some  of  the  EdmtatOy  have  no  davides. 
Most  of  the  Camivora  and  some  Rodents  possess  a  clavick, 
but  this  is  imperfect,  and  does  not  articulate  with  the  top  of 
the  sternum.  The  Insectivorous  Mammals,  many  of  the 
Rodents,  the  Bats,  and  all  the  Quadrufnana,  have  (with  Man) 
a  perfect  clavicle  articulating  with  the  anterior  end  of  the 
sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  {brachium\  is 
never  wanting,  but  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles.  In 
many  Mammals,  as  in  the  Monkeys,  and  Felida  (constituting 
the  most  typical  group  of  the  Camivora\  the  median  nen'c  and 
brachial  or  ulnar  artery  are  protected  on  their  way  down  the 
arm  by  a  canal  placed  a  little  above  the  elbow,  and  formed  by 
a  process — the  "  supra-condyloid  "  process — which  is  some- 
times present  in  man  as  an  abnormality. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are  re- 
cognisable, but  they  are  not  necessarily  distinct;  and  the  radius, 
as  being  the  bone  which  mainly  supports  the  hand,  is  the  only 
one  which  is  always  well  developed,  the  ulna  being  often  nidi- 
mentary.  In  the  Cetacea  the  ulna  and  radius  are  anchylosed 
together ;  and  in  most  of  the  Hoofed  Quadrupeds  the\'  are 
anchylosed  towards  their  distal  extremities.  In  the  flying 
Mammals  or  Bats  the  ulna  is  hardly  recognisable,  being  re- 
duced to  its  upper  third  and  fused  with  the  radius.  The  fore- 
arm attains  its  greatest  perfection  in  man,  in  whom  the  radius 
can  rotate  upon  the  ulna,  so  as  to  allow  the  back  of  the  hand 
to  be  placed  upwards  or  downwards,  these  movements  being 
known  respectively  as  "pronation"  and  "supination."  In 
the  Monkeys  only  is  there  any  approach  to  this  power  of 
rotation. 

The  fore-arm  is  succeeded  by  the  small  bones  which  com- 
pose the  wrist  or  "carpus."  These  are  eight  in  number  in 
Man,  but  vary  in  different  Mammals  from  five  to  eleven. 

The  metacarpus  in  Man  and  in  most  Mammals  consists  of 
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^lindrical  bones,  articulating  proximally  with  the  carpus, 

listally  with  the  phalanges  of  the  fingers.     The  most  re- 

ible  modification  of  this  normal  state  of  things  occurs  in 

uminants  and  in  the  Horse.    In  the  Ruminants,  in  which 

ot  is  cleft,  and  consists  of  two  perfect  toes  only,  there  are 

letacarpal  bones  in  the  embryo;  but  these  are  anchylosed 

ler  in  the  adult,  and  form  a  single  mass  which  is  known 

I  "canon-bone"  (fig.  325,  ca).    In  the  Horse,  in  which  the 

:oDsists  of  no  more  than 

jle  digit,  there  is  only  a 

metacarpal  bone,  on  each 

f  which  are  two  little  bony 

I — the  so-called  "splint- 

**  —  which  are  attached 

iorly  to  the  carpus,  and 

►  be  regarded  as  rudimen- 

aetacarpals.     In  most  of 

ther  Ungulates  there  are 

St  three  metacarpals,  and 

!  Elephants  there  are  five. 

e  normal  number  of  digits 

:,  but  they  vary  from  one 

e.     The  middle  finger  is 

ngest  and  most  persistent 

5  digits  of  the  fore-limb ; 

a  the  Horse  it  is  the  only 

'hich  is  left  (fig.  325,  A). 

thumb  is  very  frequently 

t       In    the    Ruminants 

are  only  two  fingers  which 

imctionally  useful,   these 

ng  the  hoofs.     In  most 

nants,  however,  there  are 

udimentary  and  function- 

seless  digits  in  addition. 

rmally  each  digit  has  three 

nges,  except  the  thumb. 


ca  — ' 


ca  — 


B 


Fig.  325. — A,  Fore-1^  ot  the  Horse ;  r 
Radius ;  c  Carpus  ;  ca  Canon-bone  ;  / 
Splint-bone ;  a  First  phalanx  or  "great 
pastern  ; "  d  Second  phalanx  or  "  small 
pastern ;"  c  Ungual  phalanx  or  "coffin- 
bone."  B,  Fore-limb  of  a  Deer;  r 
Radius ;  c  Carpus  ;  ca  Canon-booe  ;  s 
Supplementary  toe. 


I  has  only  two.      In  the 

es  and  Dolphins  {Cefacea)^  in  which  the  anterior  limbs 

swimming-paddles,  very  like  those  of  the  Ichthyosaurus 

^lesiosauruSy  the  phalanges  are  considerably  increased  in 

»cr  as  they  are  in  those  Reptiles.     In  all  the  Mammalia, 

jxcept  the  Cetacea,  it  is  the  rule  that  the  terminal  phalanx 

:h  digit  should  carry  a  nail,  claw,  or  hoof. 

e  power  of  opposing  the  thumb  to  the  other  digits  of  the 
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hand  is  found  only  in  Man,  and  in  a  considerable  number  of 
the  Quadrumanay  but  never  so  perfectly  developed  as  in  Man. 
In  Man  only  does  this  power  attain  its  full  perfection,  and  it 
constitutes  one  of  the  most  striking  of  the  merely  anaiomkd 
peculiarities  by  which  Man  is  separated  from  the  Monkeys 
As,  however,  this  feature  is  purely  adaptive,  and  is  really  to  be 
regarded  as  of  extremely  small  physiological  value,  we  ought 
to  learn  from  this  that  the  difiference  between  Man  and  the 
Qtiadrumatia  is  to  be  sought  in  the  mental  powers  of  each,  and 
not  in  any  merely  structural  character. 

Whilst  the  anterior  limbs  are  never  absent  in  any  Mammal, 
the  posterior  limbs  are  occasionally  wholly  wanting,  as  in  the 
Cetacca  and  Sirenia  (in  Halitherium^  an  extinct  Sirenian,  a 
rudimentary  femur  exists).  Generally  speaking,  however,  the 
posterior  limbs  are  present,  and  the  pelvic  arch  has  much  the 
same  structure  as  in  Man.  The  two  halves  of  the  pelvis— the 
ossa  innominata— consist  each  of  three  pieces  in  the  embiyo— 
viz.,  the  ilium,  ischium,  and  pubes — ^which  meet  to  form  the 
cup-shaped  cavity  known  as  the  "  acetabulum,"  with  which  the 
head  of  the  thigh-bone  articulates.  In  the  adult  Mammal 
these  three  bones  are  ancliylosed  together,  and  the  two  ossa 
innominata  unite  in  front  by  means  of  a  symphysis  pubis,  con- 
stituted either  by  a  cartilaginous  union  (synchondrosis),  or  by 
merely  ligamentous  attachment  In  some  Mammals,  however, 
such  as  the  Mole,  and  many  of  the  Bats,  the  pubic  bones 
remain  disunited  during  life.  As  a  rule,  also,  the  ossa  inno- 
minata are  firmly  united  with  the  vertebral  column.  In  the 
Cetaceans,  in  which  the  hind-limbs  are  wanting,  and  there  is 
no  sacrum,  the  innominate  bones  are  rudimentary,  and  arc  not 
attached  in  any  way  to  the  spine. 

The  only  other  bones  which  are  ever  connected  with  the 
pelvis  are  two  small  bones  which  are  directed  upwards  from 
the  brim  of  the  pelvic  cavity  in  Marsupials  and  Monotremes. 
These  are  the  so-called  "  marsupial  bones,"  regarded  generally 
as  not  forming  parts  of  the  skeleton  properly  so  called,  but 
as  being  ossifications  of  the  internal  tendons  of  the  "  extenial 
oblique"  muscles  of  the  abdomen  (fig.  329). 

In  those  Mammals  which  possess  hind-limbs,  the  nonnal 
composition  of  the  member  is  of  the  following  parts : — i.  A 
thigh-bone  or  femur ;  2.  Two  bones  forming  ^e  shank,  and 
known  as  the  tibia  and  fibula ;  3.  A  number  of  small  bone 
constituting  the  ankle  or  tarsus;  4.  The  "  root "  of  the  fool, 
made  up  of  the  "metatarsus;"  5.  The  phalanges  of  the  toes 
(see  fig.  226). 

The  thigh-bone  or  femur  articulates  with  the  pelvis*  usaaDy 
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open  angle.  In  Man  it  is  distinguished  by  being  the 
X)nc  of  the  body,  and  by  having  the  axis  of  its  shaft 
irallel  to  that  of  the  vertebral  column.  In  most 
s  the  femur  is  relatively  shorter,  and  the  axis  of  its 
iates  considerably  from  that  of  the  spine,  being  some- 
right  angles,  or  even  at  an  acute  angle. 
J  bones  of  the  leg  proper  the  tibia  corresponds  to  the 
i  the  fore-limb,  as  shown  by  its  carrying  the  tarsus ; 
Sbula  is  the  representative  of  the  ulna.  The  articula- 
¥een  the  tibia  and  fibula  on  the  one  hand,  and  the 
I  the  other,  constitutes  the  "knee-joint,"  which  is  usu- 
aded  in  front  by  the  "  knee-pan  "  or  patella,  a  large 
[  bone  developed  in  the  tendons  of  the  great  extensor 
of  the  thigh.  The  patella  is  of  small  size  in  the  Car- 
•ut  does  not  appear  to  be  wanting  in  any  except  in 
the  Marsupials.  In  many  cases  the  tibia  and  fibula 
ylosed  towards  their  distal  extremities.  In  the  Horse 
I  has  much  the  same  character  as  in  Birds,  being  a 
nt-like  bone  which  only  extends  about  half-way  down 
In  the  Ruminants  the  reverse  of  this  obtains,  the 
Jf  of  the  fibula  being  absent,  and  only  the  lower  half 

ibia  articulates  with  the  tarsus,  consisting  in  Man  of 
mes,  but  varying  in  different  Mammals  from  four  to 

30t  consists  normally  of  five  toes  connected  with  the 
f  means  of  five  metatarsal  bones,  which  closely  re- 
the  metacarpals.  In  the  Ruminants  there  are  two 
.  metatarsals,  and  these  are  anchylosed  in  the  adult, 
Y  two  toes.  In  the  Horse  there  is  only  one  complete 
al  supporting  a  single  toe.     As  a  rule,  the  number  of 

the  hind-limb  or  foot  is  the  same  as  that  in  the  fore- 
land j  but  this  is  not  always  the  case.  In  the  Lions, 
Oats,  and  Dogs,  the  posterior  limb  carries  only  four 

innermost  toe  or  hallux  being  wanting.    In  the  Quad- 

again,  all  the  five  toes  are  generally  present,  but  the 
*r  toes  are  much  longer  than  in  Man,  and  the  hallux 
r  than  the  other  toes,  and  often  opposable  to  them,  so 

foot  forms  a  kind  of  posterior  hand.  The  hallux  is 
uncommonly  opposable  in  other  cases, 
ranial  bones  are  invariably  connected  with  one  another 
es,  and  in  no  other  examples  than  the  Monotremes 
;  sutures  obliterated  in  the  adult.  The  differences  of 
which  are  entertained  as  to  the  fundamental  structure 
ull  are  so  enormous,  that  it  will  be  best  not  to  attempt 
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here  any  detailed  description  of  the  skull  of  the  Mammalia, 
more  especially  as  there  is  as  yet  no  universal  agreement  even 
as  to  the  nomenclature  to  be  employed.  It  is  sufficient  to  ^^ 
member  that  the  skull  is  composed  of  a  series  of  bony  s^;ments, 
which  are  usually  regarded  as  modified  vertebrae.  The  occipi- 
tal bone  carries  two  condyles  for  articulation  with  the  fiist 
cervical  vertebra.  The  lower  jaw  is  composed  of  two  hahes 
or  rami,  which  are  distinct  from  one  another  in  the  embryo^  and 
may  or  may  not  be  anchylosed  together  in  the  adult  How- 
ever this  may  be,  in  no  Mammal  is  the  ramus  of  the  lower  jaw 
composed  of  several  pieces,  as  it  is  in  Birds  and  Reptiles,  nor 
does  it  articulate  with  the  skull  by  the  intervention  of  an  os 
quadratum.  On  the  other  hand,  each  ramus  of  the  lower  jaw 
in  the  Mammals  is  composed  of  only  a  single  piece,  and  arti- 
culates with  the  squamosal  element  of  the  skull,  or,  in  other 
words,  with  the  squamous  portion  of  the  temporal  bone. 

Teeth  are  present  in  the  great  majority  of  Mammals;  bat 
they  are  only  present  in  the  embryo  of  the  whalebone  Whales, 
and  are  entirely  absent  in  the  genera  Echidnay  Manis,  and 
Myrmecophaga,  In  the  Duck-mole  {jOmithorhynchus)  the  so- 
called  teeth  are  homy,  and  the  same  was  the  case  in  the  extina 
Rhytina  amongst  the  Sireriia.  In  all  other  Mammals  the  teeth 
have  their  ordinary  structure  of  dentine,  enamel,  and  cnisu 
petrosa,  these  elements  being  variously  disposed  in  dtftereni 
cases,  the  enamel  being  occasionally  wanting.  In  no  Mammak 
are  the  teeth  ever  anchylosed  with  the  jaw ;  and  in  all,  the 
teeth  are  implanted  into  distinct  sockets  or  alveoli,  which, 
however,  are  very  imperfect  in  some  of  the  Cetacea. 

Many  Mammals  have  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  "  monophyodont''  In 
most  cases,  however,  the  first  set  of  teeth — called  the  '•milk'' 
or  "  deciduous  *'  teeth — is  replaced  in  the  course  of  growth  by 
a  second  set  of  "  permanent "  teeth.  The  deciduous  and  per- 
manent sets  of  teeth  do  not  necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  vwre  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen 
"  diphyodont." 

In  Man  and  in  many  other  Mammals  the  teeth  are  dirisible 
into  four  distinct  groups,  which  differ  from  one  another  in 
position,  appearance,  and  function;  and  which  are  kno« 
respectively  as  the  incisors ^  canines,  prcemolars,  and  mdi^ 
(fig.  326).  "Those  teeth  which  are  implanted  in  the  p»- 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower 
jaw,  are  called  'incisors,'  whatever  be  Uieir  shape  or  sizt 
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!  tootb  in  the  maxillary  bone  which  is  situated  at  or  near 
the  suture  with  the  prtem axillary,  is  the  'canine,'  as  is  also 
t  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
It  of  its  crown  when  the  mouth  is  closed.  The  other  teeth 
the  first  set  are  the  '  deciduous  molars ; '  the  teeth  which 
place  and  succeed  them  vertically  are  the  '  praemolars;' 

more  posterior  teeth,  which  are  not  displaced  by  vertical 
cessors,  are  the  '  molars '  properly  so  called "  (Owen). 
:  deciduous  dentition,  therefore,  of  a  diphyodont  Mammal 
isists  of  only  three  kinds  of  teeth — incisors,  canines,  and 
lars.     The  incisor  and  canine  teeth  of  the  deciduous  set 

replaced  by  the  teeth  which  bear  the  same  names  in  tlie 
manent  set  The  deciduous  "  molars,"  however,  are  re- 
:ed  by  the  permanent  " prfemolars,"  and  the  "molars"  of 

permanent  set  of  teeth  are  not  represented  in  the  decidu- 

series,  only  existing  once,  and  not  being  replaced  by 
cessors. 

Lll  these  four  kinds  of  teeth  are  not  necessarily  present  in 
Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 

teeth  are  amongst  the  most  important  of  the  distinctions  by 
ch  the  Mammalian  orders  are  separated  from  one  another. 
;  variations  which  exist  in  the  number  of  teeth  in  different 


mmats  are  usually  expressed  by  a  "  dental  formula,"  which 
lents  the  "dentition"  of  both  jaws  in  a  condensed  and 
ily  recognised  form. 
According  to  Owen,  the  typical  permanent  dentition  of  a 


all  L- 


lary  tai 

man ;  and  the  same  accessory  | 
liver  and  pancreas.  Some  very 
in  the  structure  of  the  stomach 
intestine;  but  these  will  be  noi 
in  which  they  occur.  The  CI 
separated  from  that  of  the  tl 
partition — the  diaphragm — as  i 
animals.  The  abdomen  cont 
aUnientary  canal,  the  liver,  sple 
organs.  The  thorax  mainly  he 
The  heart  is  contained  in  a  i 
consists  (as  in  Birds)  of  two  ai 
effete  and  deoxygenated  blood 
the  veins,  and  is  conducted  by 
side  of  the  heart  into  the  right 
it  passes  into  the  right  ventnc]> 
the  pulmonary  artery  to  the  Itii 
the  action  of  the  air,  the  bloo 
the  pulmonary  veins  to  the  lefl 
ventricle.  From  the  lefl  vena 
through  the  aorta  and  systei 
body.  In  Mammals,  therefoi 
and  systemic  circulations  are 
from  one  another.     The  two  a 
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reely  suspended  in  the  thoracic  cavity,  the  greater  part  of 
rhich  they  fill,  and  in  being  enclosed  freely  in  a  serous  sac 
Pleura)  which  envelops  each  lung.  The  lungs  are  minutely 
ellular  throughout,  and  the  bronchi  never  open  on  the  sur- 
ice  of  the  lung  into  a  series  of  air-receptacles  communicating 
rith  one  another,  and  placed  in  different  parts  of  the  body, 
s  is  the  case  in  Birds. 

There  is  no  "inferior  larynx"  in  any  Mammal,  and  the 
pper  aperture  of  the  true  larynx  is  always  protected  by  an 
piglottis. 

The  kidneys  in  Mammals  are  situated  in  the  lumbar  region, 
nd  exhibit  a  division  of  their  substance  into  cortical  and 
aedullary  portions. 

There  are  two  ovaries  in  the  Mammals,  and  the  oviducts 
re  known  as  the  "  Fallopian  tubes."  Each  oviduct  dilates 
•n  its  way  to  the  surface  into  a  uterine  cavity,  which  opens 
ito  the  vagina.  In  the  Monotremes  and  Marsupials  this 
primitive  condition  is  retained  throughout  life,  the  uterus 
emaining  double,  and  opening  by  two  apertures  into  the 
loaca  or  vagina.  In  most  cases  this  condition  is  so  far  modi- 
led  in  the  adult,  that  the  two  uteri  have  coalesced  inferiorly, 

0  as  to  have  only  a  single  opening  into  the  vagina,  whilst 
hey  separate  into  two  horns  or  "  comua  "  superiorly.     Only 

1  the  Monkeys  and  in  Man  have  the  two  uteri  completely 
oalesced  to  form  a  completely  single  cavity,  into  the  "  fundus  " 
►f  which  the  Fallopian  tubes  open.  In  male  Mammals  there 
re  always  two  testes  present.  In  many  Mammals  the  testes 
re  permanently  retained  in  the  abdominal  cavity,  and  there  is 
tO  scrotum.  This  is  the  case  in  the  Monotremes,  the  elephants, 
11  the  Cetacea,  and  many  of  the  Edentata.  Mostly,  however, 
be  testes  at  an  early  period  of  life  are  transferred  from  the 
bdomen  to  a  pouch  of  integument  called  the  "  scrotum." 
Jsually  the  scrotum  is  placed  beneath  the  pubic  arch  and 
•ehind  the  penis,  but  this  position  is  reversed  in  the  Marsupials. 

Mammary  glands  are  present  in  all  Mammals,  and  they  are 
yarded  by  Huxley  as  an  extreme  modification  of  the  cutane- 
ous sebaceous  glands.  In  the  male  Mammals  the  mammary 
lands  are  present,  but,  under  all  ordinary  circumstances,  they 
emain  functionally  useless  and  undeveloped.  Considerable 
iiTerences  obtain  as  to  the  number  and  position  of  the  mam- 
laiy  glands  in  different  cases ;  but  they  are  always  placed  on 
tie  inferior  surface  of  the  body,  and  their  ducts  in  the  great 
lajonty  of  cases  open  collectively  upon  a  common  elevation 
-the  "teat"  or  "nipple."  In  Xht  Monotremata,  however, 
lere  are  no  nipples,  the  ducts  of  the  mammary  glands  open- 

2  R 
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nstituted  by  the  Cetacea^  some  of  which  are  without  hairs  in 
?  adult  state.  Some,  however,  of  these  (such  as  the  Whales) 
ssess  a  few  bristles  in  the  neighbourhood  of  the  mouth  even 
len  fully  grown.  And  the  Dolphins,  which  are  totally  hair- 
»s  when  adult,  exhibit  tufts  of  hair  on  the  muzzle  in  the 
^  state. 

The  claws,  hoofs,  and  nails  of  Mammals,  and  the  homy 
eaths  of  the  horns  of  the  Cavicom  Ruminants,  are  also  of 
e  nature"  of  epidermic  growths. 

Lastly,  the  Armadillos  are  remarkable  for  having  plates  of 
►ne  developed  in  the  dermis  over  a  greater  or  smaller  por- 
»n  of  the  surface. 

Distribution  of  Mammalia  in  Time. — As  a  matter  of 
urse,  the  remains  of  Mammals  are  scanty,  and  occupy  but 
small  space  in  the  geological  record,  since  the  greater 
imber  of  the  Mammalia  are  terrestrial,  and  the  greater  num- 
T  of  the  stratified  fossiliferous  deposits  are  marine.  The 
ammals,  too,  are  the  most  highly  organised  of  the  entire 
b-kingdom  of  the  Vertebrata  ;  and  therefore,  in  obedience  to 
B  well-known  law  of  succession,  they  ought  to  make  their 
»pearance  upon  the  globe  at  a  later  period  than  any  of  the 
ver  classes  of  the  Vertebrata.  Such,  in  point  of  fact,  is  to  a 
eat  extent  the  case;  and  if  the  geological  record  were  perfect, 
e  law  would  doubtless  be  carried  out  to  its  full  extent. 
It  is  in  the  upper  portion  of  the  Triassic  Rocks — that  is  to 
^,  not  long  after  the  commencement  of  the  Mesozoic  or 
condary  epoch — that  Mammals  for  the  first  time  make  their 
•pearance ;  three  or  four  species  being  now  known  in  a  zone 
rocks  placed  at  the  summit  of  the  Trias,  just  where  this 
mation  begins  to  pass  into  the  Lias.  The  earliest  of  these 
the  oldest  known  of  all  the  Mammals — appears  at  the  upper 
It  of  the  Upper  Trias  (Keuper)  and  also  at  its  very  summit 
enarth  Beds),  and  has  been  described  under  the  name  of 
icrokstes  antiquus.  The  nearest  ally  of  Microlestes  amongst 
Isting  Mammals  would  seem  to  be  the  Marsupial  and  Insec- 
orous  Myrmecobius^  or  Banded  Ant-eater  of  Australia.  As 
ly  the  teeth,  however,  of  Microlestes  have  hitherto  been  dis- 
vered,  it  is  impossible  to  decide  positively  whether  this 
imeval  Mammal  was  Marsupial  or  Placental. 
The  next  traces  of  Mammals  occur  in  the  Stonesfield  Slate 
ower  Oolites),  and  here  four  species,  all  of  small  size,  are 
own  to  occur.  Most  of  these  were  Marsupial,  but  it  is 
ssible  that  one  was  placental.  ITiey  form  the  %^ntrz.Amphi' 
tef,  Amphitheriumy  Phascolotherium,  and  Stereognaihus,  After 
\  Stonesfield  Slate  another  interval  succeeds,  in  which  no 


of  in  treaiLiig  of  thi;  SL'iMr.iiu 
Classification  of  the  J 
little  divergence  of  opinion 
Mammalia  may  be  divided,  d 
views  as  to  the  great  primai 
will  be  sufficient  to  mention 
Mammalia,  of  which  the  first 
practical  purposes. 
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which  there  is  no  placenta 
Monotremaia  and  Marsupii 
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tive  organs.  This  arrangement  was  proposed  by  De  Blainville, 
and  is  accepted  by  Huxley,  RoUeston,  Flower,  and  other  dis- 
tinguished authorities : — 

a,  Omit/wdelphia,  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  do  not  coalesce,  even  in  their 
inferior  portion,  to  form  a  common  uterine  cavity,  but  open 
separately  as  in  the  Birds  and  Reptiles.  Furthermore,  the  two 
uteri  open,  not  into  a  distinct  vagina,  but  into  a  cloacal  cavity, 
into  which  the  rectum  and  ureters  also  discharge  themselves ; 
so  that  the  condition  of  parts  is  very  much  the  same  as  it  is 
in  Birds. 

This  division  includes  only  the  Duck-mole  {Ornithorhynchus) 
and  the  Porcupine  Ant-eaters  {Echidna\  forming  collectively 
the  single  order  of  the  Monotremata. 

b.  Didelphia^  characterised  by  the  fact  that  the  uterine  dilata- 
tions of  the  oviducts  continue  distinct  throughout  life,  opening 
into  two  distinct  vaginae,  which  in  turn  open  into  a  urogenital 
canal,  which  is  distinct  from  the  rectum,  though  embraced  by 
the  same  sphinpter  muscle. 

This  sub-class  contains  the  Marsupialia^  such  as  the  Kan- 
garoos, Opossums,  Wombats,  &c.,  most  of  which  are  almost 
entirely  confined  to  Australia,  They  have  many  other  charac- 
ters in  common  which  will  be  spoken  of  hereafter. 

III.  Manodelphiay  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  coalesce  to  a  greater  or  less 
extent  to  form  a  single  uterine  cavity,  which,  however,  generally 
shows  its  true  composition  by  being  divided  superiorly  into 
two  comua.  The  uterus  opens  again  into  a  single  vagina, 
which  is  always  distinct  from  the  rectum.  This  sub-class 
corresponds  with  the  division  of  the  "  Placental "  Mammals, 
and  includes  all  the  Mammalia  except  the  Monotremes  and 
Marsupials. 
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CHAPTER    LXX. 

MONOTREMATA  AND  MARSUPIAUA. 

Order  I.  Monotremata. — The  first  and  lowest  order  of  the 
Afammalia  is  that  of  the  MonotretncUa^  constituting  by  itself 
the  division  Ortiithodelphia^  and  containing  only  two  genera, 
both  belonging  to  Australia — namely,  the  Duck-mole  {Orniiho- 
rhynchus)  and  the  Porcupine  Ant-eater  {Echidna). 

The  order  is  distinguished  by  the  following  characters:— 
The  intestine  opens  into  a  ^^  cloaca,^*  which  receives  also  tk 
products  of  the  urinary  and  generative  organs,  which  dischar^ii 
themselves  ififo  a  urogenital  canal — the  condition  of  parts  being 
very  much  the  same  as  in  Birds.  The  ja7us  are  either  wholly 
destitute  of  teeth  (Echidna)  or  are  furnished  with  four  horny 
plates  ivhich  act  as  teeth  (Ornithorhynchus).  T?u  pectoral  arch 
has  some  highly  bird-like  characters,  the  most  important  of  these 
being  the  extension  of  the  coracoid  bones  to  the  anterior  end  of  the 
sternum.  An  interclavicle  is  also  present.  77ie  females  possess 
no  marsupial  pouch,  but  the  pelvis  is  furnished  7uith  the  so-calicd 
''''marsupial  bones,*  being  special  ossifications  of  the  internal 
tendons  of  the  external  oblique  muscles  of  the  abdomen.  The 
testes  of  the  male  are  abdominal  throughout  life,  and  there  i> 
therefore  no  scrotum,  whilst  the  vasa  deferentia  open  into  the 
cloaca.  The  corpus  callosum  is  very  small,  and  has  been 
asserted  to  be  altogether  wanting.  There  are  no  extenu! 
ears.  The  mammary  glands  have  no  nipples,  and  their  ducts 
open  either  into  a  kind  of  integumentary  pouch  (Echidna)  or 
simply  on  aflat  surface  (Ornithorhynchus).  The  young  are  said 
to  be  destitute  of  a  placenta,  or,  in  other  7uords,  no  i^ascular  ccn- 
nection  is  established  betioeen  the  foetus  and  the  mother.  The  feet 
have  five  toes  each,  armed  with  claws,  and  the  males  cant 
perforated  spurs  on  the  back  of  the  tarsus  (attached  to  a  sup- 
plementary tarsal  bone). 

The  order  Monotremata  includes  only  the  two  genera  Omi- 
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thorhynchus  and  Echidna  (or  Tachyglossusy-<i!az  one  repre- 
sented by  a  single  species  (0.  paradoxus)^  and  the  other  by 


ill  of  Eckilbia  kystril.     B,  Side  Yie* 
araaojtm,  and  C»  lower  jaw  of  the  tunc,  viewed 
al  ploUs  (w).     T)f  Stemum  and  adjacenl  panii  oj 
young  OrHilliorkmckui ;  j-  (  Claviclri :  i'  Inletchiyicte ;  /  Pia- 
HSiemum ;  r  r  Venebral  rite :  i>  Intcmiediate  ribi ;  f  Sltmal 


1  DisaflirFlowe 


four  species  {E.  hystrix,  E.  setosa,  E.  Lawesi,  and  E.  Bruijmi). 
All  are  exclusively  confined  to  the  Australian  province. 

The  Omithorhynchus  or  Duck-mole  is  one  of  the  most  ex- 
traordinary of  Mammals.     The  body  (fig.  328)  resembles  that 


Fig.  y&.—OrnilluiTliyiicliKS taradox. 


of  a  mole  or  small  otter,  and  is  covered  with  a  close,  short, 
brown  fur.  The  tail  is  broad  and  flattened.  The  jaws  are 
produced  to  form  a  bealc  just  like  that  of  a  duck  in  appearance; 
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hence  the  name  of  "  Duck-billed  animal,"  often  applied  to  it 
The  margins  of  the  jaw  are  sheathed  with  horn,  and  are  fur- 
nished with  transverse  horny  plates,  two  in  each  jaw  (fig.  327, 
B  and  C) :  but  there  are  no  true  teeth.  The  sternum  (fig. 
327,  D)  is  of  five  pieces,  and  there  are  sternal  ribs.  The 
nostrils  are  placed  at  the  apex  of  the  upper  mandible.  The 
legs  are  short,  and  the  feet  have  five  toes  each,  furnished  with 
strong  claws,  which  enable  the  animal  to  burrow  with  facilit)'. 
The  toes  are  also  united  by  a  membrane  or  web,  so  that  the 
animal  swims  with  great  ease.  The  Ornithorhynchus  is  ex- 
clusively found  in  Australia  and  Tasmania,  and  inhabits  streams 
and  ponds.  Its  food  consists  chiefly,  if  not  exclusively,  of 
insects,  and  the  animal  makes  very  extensive  burrows  in  the 
banks  of  the  rivers  which  it  frequents.  The  young  are  bom 
quite  blind,  and  nearly  naked,  and  the  method  in  which  they 
obtain  milk  from  the  mother  is  somewhat  obscure,  as  there  are 
no  nipples,  nor  is  there  any  marsupial  pK)uch.  It  is  certain, 
however,  that  the  beak  of  the  young  animal  is  extremely 
different  from  what  it  is  in  the  adult  condition.  The  young 
animal  is  totally  hairless,  the  mandibles  are  soft  and  flexible, 
the  tongue  is  not  placed  far  back  in  the  mouth  (as  it  is  in  the 
adult),  and  the  eye  is  at  first  covered  by  the  skin. 

The  genus  Echidna  (Tachyglossus)  is  represented  by  four 
species — viz.,  E.  /lystrix,  E.  setosa^  E.  Laicesi,  and  E.  Bruijnii, 
the  two  former  being  Australian,  whilst  the  two  last  occur  in 
New  Guinea.  The  Echidna  hystrix  is  the  best-known  species, 
and  in  some  external  respects  is  not  unlike  a  large  hedgehog, 
having  the  back  covered  with  strong  spines,  interspersed  with  a 
general  coating  of  bristly  hairs.  The  snout  has  not  the  form 
of  a  duck's  bill,  as  in  the  Ornithorhynchus,  but  the  two  jaws 
are  greatly  elongated,  and  are  enclosed  in  a  continuous  skin  till 
close  upon  their  extremities,  where  there  is  a  small  aperture 
for  the  protrusion  of  a  very  long  and  flexible  tongue.  The 
jaws  (fig.  327,  A)  are  wholly  devoid  of  teeth  or  anything  in 
the  place  of  teeth;  and  the  nostrils  are  placed  at  the  extremity 
of  the  cylindrical  snout  The  feet  have  five  toes  each,  fur- 
nished with  strong  curved  digging-claws,  but  the  toes  are  not 
webbed.  There  are  no  nipples,  but  the  ducts  of  the  mammary 
glands  open  at  the  bottom  of  two  integumentary  pouches. 
The  Echidna  hystrix  measures  from  fifteen  to  eighteen  inches 
in  length,  and  is  a  nocturnal  animal.  It  lives  in  burrow's,  and 
feeds  upon  insects,  which  it  catches  by  protruding  its  long  and 
sticky  tongue. 

As  regards  the  distribution  of  the  Afonotrtmes  in  timf,  no 
fossil  remains  referable  to  the  order  have  ever  been  discovered. 
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exception  of  a  gigantic  Echidna^  recorded  by  Mr 
occurring  in  the  Post-Tertiary  deposits  of  Australia. 
I  11.  Marsupialia. — The  order  Marsupialia  con- 
>y  itself  the  sub-class  Didelphia^  and  forms  with  the 
nata  the  division  of  the  Non-placental  Mammals. 
5  single  exception  of  the  genus  Diddphys^  which  is 
a,  all  the  Marsupialia  belong  to  the  Melanesian  pro- 
lat  is  to  say,  they  all  belong  to  Australia,  Van  Die- 
and,  New  Guinea,  and  some  of  the  neighbouring 

bllowing  are   the  characters  which  distinguish  the 

ull  is  composed  of  distinct  cranial  bones  united  by  sutures^ 
all  possess  true  teeth  ;  whilst  the  angle  of  the  lower  jaw 
always  inflected.  The  pectoral  arch  has  the  same  form 
higher  Mammals^  and  the  coracoid  no  longer  reaches  the 
md  of  tJie  sternum.  All  possess  the  so^alled  ^''marsupial 
*tached  to  the  brim  of  t lie  pelvis.  The  corpus  callosum  is 
U,  and  has  been  asserted  to  be  absent.  The  young  Mar- 
re  born  in  a  very  imperfect  condition^  of  very  small  size^ 
'  stage  when  their  dezfelopment  has  proceeded  to  a  very 
Tgree  only.  (In  the  Kangaroo  the  period  of  gestation 
bout  thirty-nine  days,  and  in  the  Didelphidce  it  is  said 
ily  fifteen  or  seventeen  days.)  There  is  no  placenta  or 
communication  between  the  mother  and  foetus  ^  parturition 
^cue  before  any  necessity  arises  for  such  an  arrangement, 
mng  are  born  in  such  an  imperfect  state  of  development^ 
Tangements  are  required  to  secure  their  existence.  When 
f  are  therefore^  in  the  great  majority  of  cases ^  transferred 
>ther  to  a  peculiar  pouch  formed  by  a  folding  of  the  in- 
of  the  abdomen.  This  pouch  is  known  as  the  "  marsu- 
nd  gives  the  name  to  the  order.  Within  the  marsupium 
ined  the  nipples^  which  are  of  great  length.  Being  for 
le  after  their  birth  extremely  feeble,  and  unable  to 
the  act  of  suction,  the  young  within  the  pouch  are 
i  involuntarily,  the  mammary  glands  being  provided 
cial  muscles  which  force  the  milk  into  the  mouths  of 
g.  At  a  later  stage  the  young  can  suckle  by  their 
rtions,  and  they  leave  the  pouch  and  return  to  it  at 
a  few  forms  there  is  no  complete  marsupium  as  above 

angaroo  {Macropus  Bruynit)  is  found  in  the  Indian  Archipelago, 
five  PhaUmgcrs,  which  differ  from  the  Australian  forms  in  hav- 
il  partially  or  entirely  naked  or  scaly.  There  are  also  Tree- 
and  the  curious  Cuscus^  distinguished  by  a  prehensile  tail, 
and  slow  progression. 
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described ;  but  the  structure  of  the  nipples  is  the  same,  and 
the  young  are  carried  about  by  the  mother,  adhering  to  the 
lengthy  teats. 

The  so-called  "marsupial  bones"  (fig.  329)  doubtless  serve 
to  support  the  marsupial  pouch  and  its  contained  young,  but 

this  cannot  be  their  sole  fiinction, 
since  they  occur  in  the  male  Marsu- 
pials and  also  in  the  Monotremes,  in 
which  there  is  no  pouch.  It  is  be- 
lieved by  Owen  that  the  function  of 
the  marsupial  bones  is  to  assist  in 
the  action  of  the  mammse  and  testes, 
serving  respectively  as  a  fulcrum  for 
the  muscle  spread  over  the  mam- 
mary gland  and  for  the  cremaster. 

The  oviducts  open  into  vaginal 
tubes  which  open  into  a  urogenital 
canal ;  but  this  does  not  open  into 
a  "cloaca,"  though  embraced  by  a 
sphincter  muscle  common  to  it  and 
to  the  rectum.  In  other  words,  the 
vagina  is  separated  wholly  or  in  great 
part  into  two  distinct  tubes,  but  these 
open  apart  from  the  intestine.  The 
testes  are  not  abdominal  throughout 
life  as  in  the  Monotremes,  but  are 
lodged  in  a  scrotum.  This,  howe^'er, 
is  placed  in  front  of  the  penis,  and 
not  beneath  the  pubic  arch  as  in  most  Mammals.  From  this 
unusual  position  of  the  scrotum,  it  is  regarded  by  Owen  as 
being  the  same  structure  as  the  marsupial  pouch  of  the  female, 
turned  inside  out. 

Though  they  form  an  extremely  natural  order,  sharply  sep- 
arated from  all  the  rest  of  the  Mammals,  the  Marsupials  form 
a  large  and  varied  group.  In  fact,  this  order,  from  being  the 
almost  exclusive  possessor  of  a  continent  as  large  as  Austra- 
lia, has  to  discharge  in  the  economy  of  nature  functions  which 
are  elsewhere  discharged  by  several  orders. 

The  Marsupialia  are  divided  by  Owen  into  the  following 
sections : — 

a,  Rhizophaga, — In  this  section  is  the  well-kno)»Ti  Australian 
animal  the  Wombat  {Phascolomys  fossor)^  often  called  byth« 
colonists  the  "badger."  The  Wombat  is  a  stout,  htfj7 
animal,  which  attains  a  length  of  from  two  to  three  feet  Tw 
legs  are  very  short  and  stout,  and  the  animal  buiiovs  "^^ 


f^'g-  329.— One  side  of  the  pelvis 
of  a  Kangaroo,  showing  the 
*'  marsupial  bones  "  (w).  (After 
Owen.) 
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ease  by  means  of  strong,  curved  digging-claws,  with  which  the 
fore-feet  are  furnished.  The  tail  in  ihe  Wombat  is  quite  rudi- 
mentary, and  the  whole  body  is  dothed  with  a  brown  woolly 
hair.    In  its  dentition  (tig.  330)  the  Wombat  presents  a  curious 


ibal.    (Ann  G;c1»1.) 


resemblance  to  the  herbivorous  Rodents.  There  are  two 
incisors  in  each  Jaw,  and  these  are  long  and  rootless,  growing 
Irom  permanent  pulps.  There  are  no  canines,  so  that  the 
incisors  and  prsemolars  are  separated  by  a  considerable  space. 
The  dental  formula  is — 


4—4 


The  pnemolars  and  molars  agree  with  the  incisors  in  growing 
ftom  permanent  pulps,  in  which  respect  the  Wombat  differs 


fawn  all  the  other  Marsupials,  and  agrees  with  the  herbivorous 
*odents,  with  those  Edentata  which  have  teeth,  and  wilh  the 
•xtinct  Toxedon  (Owen). 
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The  Wombat  is  a  nocturnal  animal,  and  feeds  chiefly  Gpca 
roots  and  grass. 

b.  Poephaga. — In  this  section  are  the  Kangaroos  {Matrt^ 
dida)  and  the  Kangaroo-rats  or  Fotoroos  {Jfypsipfymniu),  all 
strictly  phytophagous.  The  Kangaroos  are  distinguished  by 
the  disproportionate  length  of  the  hmd-limbs,  and  dispropor- 
tionate development  of  the  posterior  portion  of  the  body  as 
compared  with  the  fore-limbs  and  fore-part  of  the  body.  The 
hind-legs  are  exceedingly  long  and  strong,  and  the  feet  are 
much  elongated — the  whole  sole  being  applied  to  the  ground. 
The  hind-feet  have  four  toes  each,  of  which  the  central  one 
is  by  far  the  largest,  and  the  two  inner  toes  are  voy  small, 
and  are  united  by  a  common  integument     The  tail  is  also 


extremely  long  and  strong,  and  by  the  assistance  of  this  organ 
and  the  powerful  hind-limbs  the  Kangaroos  are  enabled  W 
effect  extraordinarily  long  and  continuous  leaps.  In  fact,  leap- 
ing is  the  ordinary  mode  of  progression  in  the  typical  Ka|i- 
garoos ;  and  when  walking  upon  all  fours  their  locomoCon  is 
slow  and  ungraceful.  The  anterior  extremity  of  the  body  is 
very  diminutive  as  compared  with  the  posterior,  and  the  fof- 
limbs  are  quite  small,  but  have  five  well-developed  toes  aime^ 
with  strong  nails.  The  head  is  small,  with  large  cars,  and  il* 
dental  formula  is — 
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3—3  .    .  0—0  . 


;  /^ 


m 


4—4  _ 


=  28. 


I— I  4—4 


e  are  therefore  six  upper  incisors,  two  lower  incisors  (the 
horizontal,  fig.  331),  and  no  functional  canines  (though 
lentary  upper  canines  are  present  in  the  young  of  some 
5  Kangaroos,  at  any  rate).  The  stomach  is  complex,  and 
ilated.  The  Kangaroos  are  all  herbivorous,  and  mostly 
either  scattered  or  gregariously,  on  the  great  grassy  plains 
ustralia.  The  "  Tree-kangaroos,"  however  (constituting 
;enus  Dmdrolagus)^  live  mostly  in  trees ;  and  in  adapta- 
;o  this  mode  of  life,  the  fore-legs  are  nearly  as  long  and 


\4ca!tf6<»%: 


133.— A,  Dentition  of  a  herbivorous  Marsupial  {Hyfisiprymnus  cuHiculM)^  showing 
s  upper  canine  (<:)  and  the  great  grooved  nrst  prasmolar  {a  a) ;  B,  Lower  jaw  of  an 
tomOThagous  Marsupial  iJ^erameUs  obesula) ;  C,  Lower  jaw  of  a  predatory  Mar- 
pLal  (Dasyurus  ursintts).    (After  Gicbcl  and  Waterhouse.) 

ig  as  the  hind-legs,  the  tail  is  not  used  as  a  support,  and 

:laws  are  long,  curved,  and  pointed.     They  are  natives  of 

Guinea.     The  "  Rock-kangaroos  "  form  the  genus  Petro- 

and  inhabit  the  mountainous  regions  of  North-western 

ralia. 

le  Kangaroo-rats  (Hypsiprymnus)  differ  from  the  true  Kan- 
>s  chiefly  in  their  smaller  size,  and  in  the  presence  of  well- 
ioped  upper  canines  (fig.  333,  A),  and  in  having  scaly 
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• 


tails.    They  are  diminative  nocturnal  animals^  and  they  live 
mostly  upon  roots. 

c.  Carpophaga, — Intermediate  between  the  Kangaroos  and 
the  typical  members  of  the  present  section  (the  Phalangeis) 
is  the  Phascolarctos — the  "native  sloth"  or  "bear"  of  the 
Australian  colonists,  and  the  "  koala  "  of  the  natives  (fig.  niy 
This  curious  animal  is  about  two  feet  in  length,  having  a  stout 
body,  covered  with  a  dense  bluish-grey  fur.   The  tail  is  wanting; 
and  the  feet  are  furnished  with  strong  curved  daws,  which 
enable  the  animal  to  pass  the  greater  part  of  its  existence  in 
trees.     In  this  it  is  greatly  assisted  by  the  fact  that  all  the  feet 
are  prehensile,  the  hallux  being  opposable,  and  the  digits  of 
the  fore-limb  divided  into  two  sets,  the  thumb  and  index- 
finger  being  opposable  to  the  other  fingers.     The  koala  is  a 
slow  animal  which  feeds  on  the  foliage  of  the  trees  in  which  it 
spends  its  existence. 

The  typical  group  of  the  carpophagous  Marsupials  is  that  of 
the  PhalangistidcB  or  Phalangers,  so  called  because  the  second 
and  third  digits  of  the  hind-feet  are  joined  together  almost  to 
their  extremities.  The  family  includes  a  number  of  small 
Marsupials,  fitted  for  an  arboreal  existence,  to  which  end  the 
hallux  is  opposable  and  nail-less,  whilst  the  four  remaining 
toes  of  the  hind- feet  have  long  curved  claws.  The  tail,  too, 
is  generally  very  long,  and  its  tip  is  usually  prehensile.  The 
Phalangers  are  all  small  nocturnal  animals  which  live  upon 
fruits  and  other  vegetable  food.  The  best  known  of  them  is 
the  Australian  Opossum  (P/ia/angista  vulpina)^  which  must 
not  be  confounded  with  the  true  or  American  Opossums,  which 
belong  to  another  section  of  the  Marsupialia.  The  Phalangers, 
namely,  arc  distinguished  from  the  Opossums  properly  so 
called,  amongst  other  characters  by  their  dentition,  the  canine 
teeth  being  always  very  small  and  functionally  useless  in  the 
lower  jaw,  and  sometimes  in  the  upper  jaw  as  well.  The  Phar 
langista  vulpitia  is  nocturnal  and  arboreal  in  its  habits,  and  its 
flesh  is  esteemed  a  great  delicacy  by  the  native  Australians, 
with  whom  opossum-hunting  is  a  favourite  pursuit 

The  flying  Phalangers  or  Pctauri  are  closely  allied  to  the 
true  Phalangers,  but  differ  in  not  having  a  prehensile  tail,  and 
in  having  a  fold  of  skin  extending  on  each  side  between  Ae 
sides  of  the  body  and  the  fore  and  hind  limbs.  By  the  help 
of  these  lateral  membranes  the  Pdauri  can  take  extensive  leaps 
from  tree  to  tree;  but  though  called  "flying"  Phalangers, they 
have  no  power  of  flight  properly  so  called.  They  are  beauti- 
ful little  animals,  nocturnal  in  their  habits,  and  having  the  bodf 
clothed  with  a  soft  and  delicate  fur. 
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ntotnophaga, — In  this  section  the  jaws  are  always  fur- 
with  canine  teeth,  but  these  are  not  of  very  large  size, 
\  animals  composing  the  section  are  therefore  not  highly 
sous,  but  "  prey,  for  the  most  part,  on  the  smaller  and 
classes  of  invertebrate  animals."  In  this  section  are 
ndicoots  (Feramelidce),  the  American  Opossums  {Didei- 
and  the  Banded  Ant-eater  {Myrmecobius\ 
Bandicoots  *  {Feramelidce)  are  small  Australian  animals, 
ippear  to  fill  the  place  of  the  Hedgehogs,  Shrew-mice, 
ler  small  Insectivora  of  the  Old  World.  The  molars  are 
ite,  and  canines  are  present  (fig.  333,  B).  The  hind- 
n  the  Bandicoots  are  considerably  longer  than  the  fore- 
and  their  progression  is  therefore  by  a  series  of  bounds, 
re-limbs  have  really  five  toes  each,  but  only  the  central 
>f  these  are  well  developed,  the  outermost  and  inner- 
ligits  being  rudimentary.  The  three  functional  toes 
ned  with  long  strong  claws,  with  which  the  Bandicoots 
with  great  ease.  The  marsupial  pouch — and  this  is  a 
r  point — opens,  in  some  forms  of  the  group,  backwards 
.  of  forwards.  In  the  nearly -allied  genus  Chceropus, 
om  Australia,  the  two  outer  toes  of  the  fore -feet  are 
f  absent. 

second  family  of  this  section — namely,  the  true  Opos- 
r  Didelphidcz — is  remarkable  in  being  the  only  group  of 
ole  order  which  occurs  out  of  the  Australian  province. 
^idelphida,  namely,  are  exclusively  found  in  North  and 
America,  where  they  are  known  as  "  Opossums."  A 
srable  number  of  species  is  known,  but  they  are  mostly 
11  size,  the  largest  measuring  not  more  than  from  t\vo 
le  feet,  inclusive  of  the  tail.  The  Virginian  Opossum 
'>hys  Virginiana)  is  the  only  member  of  the  family  which 
d  in  North  America,  and  it  was  the  earliest  Marsupial 
to  science.  Most  of  the  Opossums  are  carnivorous, 
\  upon  small  quadrupeds  and  birds,  but  they  also  eat 
,  and  sometimes  even  fruit.  One  species  {Diddphys 
ara)  lives  chiefly  upon  Crabs;  and  the  Yapock  {Cheir- 
has  webbed  feet,  and  leads  a  semi-aquatic  life.  All  the 
hida  have  the  hallux  nail-less  and  opposable  to  the 
oes,  so  as  to  convert  the  hind-feet  into  prehensile  hands, 
L  have  a  more  or  less  perfectly  prehensile  tail,  these 
adaptations  to  an  arboreal  life.  The  marsupial  pouch 
etimes  not  present  in  a  complete  form,  but  is  merely 
jnted  by  cutaneous  folds  of  the  abdomen  concealing  the 

name  "Bandicoot''  properly  belongs  to  the  Great  Rat  (Mtts 
s)  of  India. 
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nipples.  In  the  Didelphys  dorsigtra^  in  which  this  peculiarity 
obtains,  the  young  soon  leave  the  nipples,  and  are  then  carried 
about  on  the  back  of  the  mother,  to  whom  they  cling  by 
twining  their  prehensile  tails  round  hers.  The  dentidonofthe 
Opossums  is  remarkable  for  the  great  number  of  the  incisor 
teeth,  the  dental  formula  being — 

'4-4'   S-i'  -^3_3'«'4_4      SO. 

The  Banded  Ant-eater  {Myrmecobius  fasciahts)  is  a  small 
but  extremely  elegant  little  animal,  which  inhabits  Western 
and  Southern  Australia,  and  lives  upon  insects  (fig.  334).  The 
tail  is  bushy,  and  differs  from  that  of  the  DiddpJuda  in  not 
being  prehensile.  The  fore-feet  have  five  toes  armed  with 
claws ;  the  hind-feet  have  only  four  toes.  The  Mymucdbm 
is  remarkable  for  the  extraordinary  number  of  molar  teeth,  in 
which  it  exceeds  any  existing  Marsupial,  and  is  only  surpa^ 
by  some  of  the  Armadillos.     The  dental  formula  is — 

.  4 — 4         I — I      -      3 — 3  6 — 6 

/•♦_*♦;    c ;   pm  ^— -?;  m    -—-  =  54. 

3—3         1— I  Z—Z  6—6       ^^ 

c.  Sarcophaga. — This  is  the  last  section  of  the  existing  Mar- 
supials, and  includes  a  number  of  predaceous  and  rapaciou> 
forms,  which  fill  the  place  held  elsewhere  by  the  true  Camhvra. 
They  are  distinguished  by  the  fact  that  the  intestine  is  desti- 
tute of  a  caecum,  and  by  their  strictly  carnivorous  dentition,  the 
canines  being  strong,  long,  and  pointed,  whilst  the  molars  and 
pr^emolars  have  cutting  edges  furnished  with  three  cusps  (fig. 
333,  C).  The  best-known  species  of  this  section  are  the  T/ir- 
lacitnis  cyfiocephaius  and  the  Dasyurus  ursinus.  The  fornier 
of  these  is  the  largest  of  the  rapacious  Marsupials,  being  about 
as  big  as  a  shepherd's  dog.  It  is  a  native  of  Van  Diemen's 
Land,  and  is  known  to  the  colonists  as  the  "  hyaena."  Its  head 
is  very  large,  and  the  back  exhibits  several  transverse  black 
bands.  It  lives  in  caverns  and  amongst  the  rocks  in  the 
wildest  parts  of  the  colony,  and  its  numbers  have  been  very 
much  reduced  by  the  constant  war  waged  upon  it  by  the 
settlers.  The  Dasyurus  ursinus  is  also  a  native  of  Van 
Diemen's  Land,  where  it  is  known  as  the  "  native  dcviL" 
Though  smaller  than  the  Thylacine,  the  Dasyurus  is  extremelr 
ferocious,  and  is  capable  of  committing  great  havoc  amongst 
animals  even  as  large  as  sheep. 

As  regards  their  distribution  in  //W,  the  Marsupials  ar« 
probably  the   oldest  of  Mammals  hitherto  discovered;  b"^ 
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nne  to  the  detached  and  fragmentary  condition  of  almost 
1  lummalian  remains — consisting  mostly  of  the  ramus  of  the 


wer  jaw,  or  of  separate  teeth — it  is  not  possible  to  state  this 
ith  absolute  certainty.  The  MUrolestes  of  the  Trias,  the 
dest,  or  nearly  the  oldest,  of  the  Mammals,  known  only  by 
[  molar  teeth  (fig.  336),  was  probably  a  Marsupial ;  but  the 


iaw  of  DrVKtallirriutt 


t  31L— Lower  jaw  of  DrvmatMn 
rt£.  North  Cordina.    (After  £i 


JrownTf  X"ume, 


ridence  upon  this  point  is  not  conclusive.  In  the  Triassic 
icks  of  America,  also,  perhaps  at  a  lower  horizon  than  that  at 
hich  Microkslet  occurs  in  Europe,  has  been  found  the  jaw  of 

small  Mammal,  which  is  probably  Marsupial,  and  has  been 
Uned  Dromatherium  (fig.  335). 

In  the  next  manimaliferous  horizon,  however— namely,  that 
r  the  Stonesfield  Slate  in  the  Lower  Oolites — there  is  no  doubt 
It  that  some  of  the  Mammalian  remains,  if  not  all,  belong  to 
nail  Marsupials  (fig.  337).  From  this  horizon  the  two  genera, 
'hasailt^herivm  and  Avtphitherium  are  almost  certainly  refer- 
)le  to  the  Marsupialia  ;  the  latter  seeming  to  be  most  nearly 
ilated  to  the  living  MyrmecobiuSy  whilst  the  former  finds  its 
■arest  living  ally  in  the  Opossums  of  America.     The  Siereog- 
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naihus  of  the  Stonesfield  Slate  is  in  a  doubtful  position.  It 
may  have  been  Marsupial ;  but,  upon  the  whole,  Professor 
Owen  is  inclined  to  believe  that  it  was  placental,  hoofed,  and 
herbivorous. 

In  the  middle  Purbeck  beds  (Upper  Oolite),  where  fourteen 
species  of  Mammals  are  known  to  exist,  it  is  probable  diat  all 


Fig.  337.— Oolitic  Mammals,  natural  size.    z.  Lower  jaw  and  teeth  aH  Pkaacaldktntm\ 
2.  of  TricoHodon;  3.  oS  Am/hitktrium;  4.  oi PtagiMdax. 

were  Marsupial.  All  the  Purbeck  Mammalia  were  of  small 
size,  the  largest  being  no  bigger  than  a  polecat  or  hedgehog. 
They  form  the  genera  Plagiaulax,  TriconodoTiy  and  GalesUs,  of 
which  Plagiaulax  is  believed  to  be  most  nearly  allied  to  the 
living  Kangaroo-rat  {Hypsiprymnus)  of  Australia. 

In  the  Tertiary  series  of  rocks  Marsupials  are  of  rare  occur- 
rence ;  but  Opossums,  closely  allied  to  the  existing  Amerion 
forms,  have  been  discovered  in  the  Miocene  and  Eocene  rods 
of  Europe,  and  have  been  referred  to  a  distinct  genus  under 
the  name  of  PeratJicrhim,  It  is  also  interesting  to  note  that 
the  Tertiary  beds  of  Wyoming  (Eocene)  have  recently  jielded 
to  the  researches  of  Professor  Marsh  the  first  fossil  Marsupials 
which  have  been  detected  in  the  North  American  continent  in 
beds  older  than  the  Post-Pliocene. 

The  next  occurrence  of  Marsupials  is  in  the  later  Tertian* 
(Pliocene)  and  in  the  Post-Tertiary  epoch  ;  and  here  they  are 
represented  by  some  very  remarkable  forms.  The  remains  in 
question  have  been  found  in  the  bone-caves  of  Australia— the 
country  in  which  Marsupials  now  abound  above  every  other  part 
of  the  globe  ;  and  they  show  that  Australia,  at  no  distant  geo- 
logical period,  possessed  a  Marsupial  fauna,  much  resembling 
that  which  it  has  at  present,  but  of  forms  comparatively  of  a 
much  more  gigantic  size.  In  the  remains  from  the  Australia^ 
bone-caves  almost  all  the  most  characteristic  living  Marsupials 
of  Australia  and  Van  Diemen's  Land  are  represented  :  but  the 
extinct   forms  are  usually  of  much  greater  size.     We  have 
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Wombats,  Phalangers,  Flying  Phalangers,  and  Kangaroos,  with 
carnivorous  Marsupials  resembling  the  recent  Thylacinus  and 
Dasyurus,  The  two  most  remarkable  of  these  extinct  forms 
are  Diproiodon  and  ThylacoUo,  In  most  essential  respects 
Diprotodon  resembled  the  Kangaroos,  the  dentition,  especially, 
showing  many  points  of  affinity.  The  hind-limbs,  however,  of 
Diprotodon  were  by  no  means  so  disproportionately  long  as  in 
the  Kangaroos.  In  size  Diprotodon  must  have  many  times 
exceeded  the  largest  of  the  living  Kangaroos,  since  the  skull 
measures  three  feet  in  length  (fig.  338).  The  affinities  of 
Thylacoleo  are  disputed.  The 
great  feature  in  the  dentition 
is  the  presence  in  either  jaw 
of  one  huge,  compressed,  and 
trenchant  praemolar.  This  is 
regarded  as  corresponding  to 
the  great  cutting  praemolar  of 

the  Kangaroo-rats  (ZO'/'^'/^O'^" 
nus).    Upon  the  whole,  there- 
fore,  Professor    Flower    con-    Fig.  338.-SkuiiofZ?i>w/«*wyiw/rrt&>. 
eludes  that  "  Thylacoleo  is  a 

highly  modified  and  aberrant  form  of  the  t)TDe  of  Marsupials 
now  represented  by  the  Macropodida  and  PhcUangistidcRy  though 
ttot  belonging  to  either  of  these  families  as  now  restricted,"  and 
iie  believes  that  its  diet  was  of  a  vegetable  nature.  On  the 
3ther  hand,  Professor  Owen  is  of  opinion  that  Thylacoleo  was 
probably  carnivorous  in  its  habits.  This  distinguished  natu- 
-alist  thus  regards  Thylacoleo  as  an  ancient  form  of  the  Dipro- 
:odont  Marsupials  (Kangaroos,  &c.),  adapted  for  camivorism, 
>ut  not  anatomically  related  to  the  true  Carnivorous  or  Poly- 
>rotodont  Marsupials  (such  as  Thylacinus  and  Dasyurus). 
LJnder  any  view  of  its  habits,  Thylacoleo  is  a  very  remarkable 
ypc  of  the  Marsupials ;  and  it  must  have  attained  a  very  great 
lize,  since  the  length  of  the  crown  ot  the  great  praemolar  is 
lOt  less  than  t^-o  inches  and  a  quarter. 


644 


PLACENTAL  MAMMALS. 


CHAPTER    LXXI. 
EDENTATA. 

Order  III.  Edentata  or  Bruta. — The  lowest  order  of  the 
placental  or  monodelphous  Mammals  is  that  of  the  Edentata^ 
often  known  by  the  name  of  Bruta.  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 
The  remaining  members  of  the  order  have  teeth,  but  these 
are  always  destitute  of  true  enamel^  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further^  in  none  of  tht 
Edentata  are  there  any  median  incisors,  and  in  only  one  spcda 
{one  of  the  Armadillos)  are  there  any  incisor  teeth  at  all.  Caniru 
teeth,  too,  are  almost  invariably  wanting.  Clatficles  are  usually 
present,  but  are  absent  in  the  ScaJy  Ant-eater  (Afanis).  All  the 
toes  are  furnislied  with  long  and  poiverful  claws.  The  mammary 
glands  are  usually  pectoral,  but  are  sometimes  abdominal  in 
position.  The  testes  are  abdominal  in  position.  The  skin  ii 
often  covered  with  bony  plates  or  horny  scales. 

The  placentation  of  the  Edentates  varies,  the  placenta  being 
discoidal  and  deciduate  in  the  Sloths  (e.g.,  Cholapus  Hoffmanni), 
but  diffuse  and  non-deciduate  in  Manis  (Turner) — a  fact  whici 
throws  some  doubt  on  the  propriety  of  using  the  placental  char- 
acters in  classification. 

The  order  Edmtata  is  conveniently  divided  into  two  great 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  being  phytophagous,  the  other  insectivorous.  In  the 
former  section  is  the  single  group  of  the  Sloths  {Bradypodidat\ 
In  the  latter  are  the  two  groups  of  the  Armadillos  (Dasypodidit), 
and  the  various  species  of  Ant-eaters  (the  latter  constitutiog 
Owen's  group  of  the  Edentula). 

The  order  Edentata  is  but  sparingly  represented  in  modem 
times,  and  its  geographical  distribution  is  peculiar.    The  tree 
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m,  the  Armadillos,  and  the  Sloths,  are  entirely  confined 
I  America,  in  which  country  a  group  of  gigantic  extinct 
es  existed  in  Post-Tertiaiy  times.  The  Scaly  Ant-eater 
■s  is  common  to  Asia  and  Africa,  and  the  genus  Oryt- 
s  peculiar  to  South  AfHca. 

family  Bradypodida  (or  Tardigrada)  comprises  some 
ngly  curious  animals,  which  are  exclusively  confined  to 
Lmerica,  inhabiting  the  vast  primeval  forests  of  that 
It  The  Sloths  have  a  remarkably  short  and  rounded 
d  the  body  is  covered  with  hair.  The  incisor  teeth  are 
er  wanting  (fig.  339,  A),  but  there  is  always  a  small 


B,  Side-vien  of  the  i 


of  simple  molars,  and  in  the  Two-toed  Sloths  or 
the  first  tooth  in  each  jaw  on  each  side  is  so  much 
han  the  others,  and  so  much  more  pointed,  that  it 
m  regarded  as  a  canine.  The  stomach  is  complex, 
at  resembling  that  of  the  Ruminants.  The  cervical 
e  are  more  than  the  normal  seven  in  number  in  the 
aed  Sloth,  and  less  than  the  normal  in  one  of  the 
1  species;  and  the  long  bones  have  no  medullary 
The  most  striking  peculiarities,  however,  about  the 
ire  connected  with  their  mode  of  life.     The  Sloths, 

arc  constructed  to  pass  their  life  suspended  from 
der  surface  of  the  branches  of  the  trees  amongst 
hey  live ;  and  for  this  end  their  oi^anisation  is  singu- 
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larly  adapted.  The  fore-limbs  are  much  longer  than  the  hind- 
limbs,  and  the  bones  of  the  fore-aim  are  unusually  monbla 
All  the  feet,  but  especially  the  fore-feet,  are  fiiniished  »itli 
enormously  long  curved  claws  (fig.  340),  by  the  aid  of  which 


Fii;.  J40.— HuidDfThm-iDedS1<i(fa(£ni^xM(rii!af{yAu>.    (After Om) 


the  animal  is  enabled  to  move  about  freely,  suspended  back 
downwards  from  the  branches.  Not  only  is  this  the  ordiiaiy 
mode  of  progression  among  the  Sloths,  but  even  in  sleep  the 
animal  appears  to  retain  this  apparently  unnatural  position. 

Owing  to  the  disproportionate  size  of  the  fore-limbs  as  com- 
pared with  the  hind-limbs,  and  owing  to  the  fact  that  the  hind- 
feet  are  so  curved  as  to  render  it  impossible  to  apply  the  sole 
to  the  ground,  the  Sloth  is  an  extremely  awkward  animal  upon 
the  ground,  and  it  has  therefore  recourse  to  terrestrial  progres- 
sion only  when  absolutely  compelled  to  do  so.  Whilst  iJw 
name  of  "  Sloth  "  may  thus  appear  to  be  a  merited  one  from 
the  point  of  view  of  a  terrestrial  Mammal,  it  is  wholly  uDd^ 
served  when  the  animal  is  looked  upon  as  especially  adofite^ 
for  an  arboreal  existence.  In  the  Ai  or  Three-toed  Sodi 
{Bradyptis  tridactylus)  there  are  three  toes  to  each  foot.  ai>i 
these  ore  short,  completely  rigid,  and  so  enveloped  in  the  in- 
tegument as  to  leave  nothing  visible  except  the  enonnoiislr 
long  and  crooked  claws.  The  hand  and  foot  are  jointed  w 
the  arm  and  leg  obliquely,  so  that  the  palm  and  sole  cannot  be 
applied  to  the  ground,  but  are  turned  inwards.  The  v^  ' 
phalanges  are  also  so  articulated  that  the  claws  are  bent  inniif^  . 
towards  the  palm  or  sole.    There  are  sixteen  pairs  of  nte   - 

The  molars  are  '—5,  rootless,  growing  from  permaseot  pulp   ' 
4 — 4  : 

and  consisting  of  a  simple  cylinder  of  dentine  envdopcd  io  j 
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t.     In  the  Unau  (Cholapus)  the  fore-feet  are  two-toed, 
ere  are  twenty-three  pairs  of  ribs,  the  greatest  number 

in  the  Mammals. 

second  family  of  the  Edentata  is  that  of  the  Dasypodida 

ladillos.   These  are  found  exclusively  in  South  America, 

the  Sloths,  but  they  are  very  different  in  their  habits, 
rmadillos  are  burrowing  animals,  furnished  with  strong 
j-claws  and  well-developed  collar-bones.  The  jaws  are 
ed  with  numerous  simple  molars  (fig.  339,  B),  which 
the  enormous  number  of  nearly  one  hundred  in  the  great 
lillo  (Dasypus  gigas).  The  upper  surface  of  the  body  is 
d  with  a  coat  of  mail,  formed  of  hard  bony  plates  or 
\  united  at  their  edges.  A  portion  of  this  armour  covers 
ad  and  shoulders,  and  another  portion  protects  the  hind- 
rs ;  whilst  between  these  is  generally  a  variable  number 
^able  bands  which  run  transversely  across  the  body  and 
le  necessary  flexibility  to  this  singular  dermoskeleton. 
5t  species  this  flexibility  is  so  great  that  the  animal  can 
self  up  like  a  hedgehog.  The  tail  is  likewise  mostly 
d  with  bony  scutes. 

Armadillos  are  confined  entirely  to  America,  ranging 
if exico  to  Patagonia.  In  this  country,  also,  have  been 
the  remains  of  the  gigantic  armour-plated  animals  allied 
Armadillos,  which  will  be  subsequently  described  under 
me  of  Glyptodon,  Amongst  the  best-known  species  of 
lillo  are  the  Peba  {Dasypus  Feba),  the  Poyou  (D,  sex- 
),  the  Tatouay  {D.  Tatouay),  and  the  Great  Armadillo 
lOf).  A  somewhat  aberrant  form  is  the  Chlamyphorus 
\i)  of  Chili,  the  total  length  of  which  is  only  about  six 

remaining  members  of  the  Edentata  are  the  various 
iters;  but  these  are  so  different  from  one  another  in 
haracters  that  they  form  three  distinct  families,  also  dis- 
;hed  by  their  geographical  distribution. 
Myrmecophagtda. — ^This  family  is  exclusively  confined  to 
Ajnerica,  as  are  the  two  preceding,  and  it  contains  only 
airy  or  true  Ant-eaters.     These  curious  animals  feed 

upon  Ants  and  Termites,  which  they  catch  with  their 
ticky  tongues.  The  jaws  are  wholly  destitute  of  teeth ; 
•dy  is  covered  with  hair ;  there  is  a  long  tail ;  and  the 
c  anned  with  long  and  strong,  curved  digging-claws.  The 
re  united  by  skin  up  to  the  bases  of  the  claws,  as  in  the 
;  the  ungual  phalanges  are  articulated  in  the  same  way ; 
le  palms  of  the  hands  are  similarly  turned  inwards. 
I  best- known  species  of  this  fisunily  is  the  Great  Ant-eater 


The  jaws  are  produced  to  : 
which  is  entirely  enclosed  in 
where  there  is  an  aperture  foi 
tongue.  A  bird-like  chara 
stomach.  The  anterior  feet 
five  toes,  all  armed  with  st 
not  used  in  digging,  are  bi 
walks  on  the  sides  of  the  fee 
less  and  gentle  when  unmolc 
lives  mainly  upon  Termites, 
its  way  by  means  of  the  pon 
rush  out  to  see  what  is  the  n 
by  thrusting  out  its  glutinous 
repeated  with  marvellous  raj 
In  the  closely- allied  genut 
and  the  animal  is  arboreal  i) 
the  two-toed  Cychikurus. 
life,  these  forms  have  prehei 
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3rt,  and  furnished  with  four  or  five  toes  each,  ending  in  long 
d  strong  digging- claws ;  but  there  are  no  clavicles.  The 
igue  resembles  that  of  the  Hairy  Ant-eaters  in  being  long 
d  contractile,  and  capable  of  being  exserted  for  a  consider- 
le  distance  beyond  the  mouth.  It  is  covered  with  a  glutinous 
liva,  and  is  the  agent  by  which  the  animal  catches  ants  and 
lier  insects.  The  jaws  are  wholly  destitute  of  teeth.  When 
reatened  by  danger,  the  Pangolins  roll  themselves  up  into  a 
11,  like  the  hedgehogs.  The  tail  is  comparatively  long,  and 
covered  with  scales.  Though  very  strong  for  their  size, 
►ne  of  the  species  attain  a  length  of  more  than  three  or  four 
*t,  inclusive  of  the  tail.  The  best-known  species  are  the 
ctm's  periadactyla  of  India,  and  the  Manis  ietradactyla  of 
rica. 

c.  Orycteropida, — ^The  last  family  of  the  living  Edentata  is 
at  of  the  OrycteropidcBy  comprising  only  the  single  genus 
rycteropus.  This  genus  comprises  two  or  three  species,  the 
St  known  being  O.  capensis,  which  is  peculiar  to  South  Africa, 
id  is  known  by  the  Dutch  colonists  as  the  "  Aardvark "  or 
round-hog.  The  animal  is  nocturnal  in  its  habits,  and  lives 
K)n  insects.  The  body  is  elongated,  and  the  tail  is  long,  the 
ecies  attaining  a  total  length  of  four  feet  or  more.  The  legs 
B  short,  and  the  feet  plantigrade,  the  anterior  pair  having  four 
iguiculate  toes,  the  posterior  five.  The  claws  are  strong 
d  curved,  and  enable  the  animal  to  construct  extensive  bur- 
ws.  The  skin  is  very  thick,  and  is  thinly  covered  with  bristly 
irs ;  and  the  tail  is  hairy.  The  head  is  elongated,  and  the 
3Uth  small — devoid  of  incisor  and  canine  teeth,  but  furnished 

th  a  number  of  cylindrical  molars  (J~J).     The  crowns  of 

6 — 6 

B  molars  are  flat,  and  they  are  composed  of  dentine  traversed 
numerous  dichotomising  pulp-cavities,  The  tongue  is  long, 
t,  and  slender,  and  is  covered  by  a  sticky  saliva,  by  the  aid 
which  the  animal  catches  insects.  The  head  is  long  and 
lenuated,  the  snout  truncated  and  callous,  and  the  ears  large, 
»ct,  and  pointed. 

As  regards  their  distribution  in  timey  the  oldest  Edentates  at 
Bsent  known  occur  in  Europe,  in  which  country  no  members 
the  order  now  exist.  These  are  the  Macrothertum  and 
uylot/ierium  of  the  Miocene  Tertiary,  both  apparently  allied 
the  Orydcropida^  with  affinities  to  the  Manida.  The  Plio- 
ne  deposits  of  North  America  have  yielded  to  the  researches 
Professor  Marsh  two  large  Edentates  of  the  new  genus  Moro* 
rrium^  and  the  Miocene  deposits  of  the  same  country  coa- 
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tain  remains  of  another  Edentate  type  (Moroptu).  It  is,  hoir- 
ever,  in  the  Post-Tertiary  deposits  of  the  American  Continent, 
and  especially  of  South  America  —  the  present  metropolis  of 
the  order — that  we  find  the  most  abundant  and  the  most  re- 
markable remains  of  Edentate  animals.  Here,  both  in  Post 
Pliocene  superficial  deposits  and  in  cave-earths  of  the  sam« 
age,  we  meet  with  the  remains  of  numerous  Edentates,  often 
of  gigantic  size,  but  in  the  main  representing  the  existing  tj-pes. 
Thus  the  existing  Sloths  arc  represented  in  the  Braiiliai 
bone-caves  by  a  number  of  extinct  genera  of  Bradypodiii, 
whilst  the  Post-FIiocene  sands  and  gravels  of  the  opcncountiT 
have  yielded  the  bones  of  various  huge  Edentates,  rescmblia; 
the  Sloths  in  most  essential  respects,  but  adapted  for  a  tores- 
trial  instead  of  an  arboreal  life.  Of  these  great  "Ground- 
sloths"  {Gravigrada),  the  most  remarkable  are  the  Megalhi- 
rium  (fig.  342),  which  attained  a  length  of  eighteen  feet,  with 


bones  as  massive  as,  or  more  so  than,  the  Elephant ;  and  tli« 
Mylodori  and  Megalonyx,  both  of  which  extended  their  ranp 
into  the  United  States. 

In  the  same  way  the  little  banded  Armadillos  of  Soulh 
America  were  formerly  represented  by  gigantic  species,  con- 
stituting the  genus  Glyplodon.  The  Ghptodons  (fig.  343)  # 
fered  from  the  living  Armadillos  in  having  no  bands  in  dieir 
armour,  so  that  they  must  have  been  unable  to  roll  themscha 
up.  It  is  rare  at  the  present  day  to  meet  with  any  Armadillo 
over  two  or  three  feet  in  length ;  but  the  length  of  the  Cft^ 
todon  clavipes,  from  the  tip  of  the  snout  to  the  end  of  the  oi 
was  more  than  nine  feet. 

The  trunk-armour  of  Glyptodon  is  fonned  of  nearly  hexagoul 
bony  scutes,  forming  a  massive  dome,  for  the  support  of  wbii 
the  skeleton  is  specially  modified.     Thus  the  last  cxKid 


VERTEBRATA:   MAMMAUA.  65 1 

and  first  two  dorsal  vertebrae  are  anchylosed  to  form  a  single 
bone  ("  trivertebrai  bone    of  Huxley)  which  articulates  by  a 


Fig.  34>-Giy/Mc 


movable  hinge-joint  with  the  remaining  dorsal  vertebra;,  which 
are  likewise  anchylosed  to  fonn  a  kind  of  "  tunnel  or  arched 
bridge  of  bone."  The  last  two  lumbar  vert ebrte  are  also  fused 
with  the  sacral  and  caudal  to  form  a  continuous  bony  mass, 
whilst  the  ilia  are  of  enormous  size.  Numerous  extinct  forms 
of  genuine  Armadillos  have  also  been  found  in  the  Brazilian 
bone-caves,  one  of  them  {ChlamydolAeriuin)  being  as  big  as  a 
Rhinoceros. 

Lastly,  the  South  American  Myrmecophagidx  are  represented 
in  the  Brazilian  cavern- deposits  by  the  extinct  Glossothaium. 


CHAPTER  LXXII. 

SIRENIA    AND    CETACEA. 

Order  IV.  Sirenia. — This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  are  often 
placed  with  the  true  Cettumfts  (Whales  and  Dolphins)  in  a 
common  order.  There  is  no  doubt,  in  fact,  but  that  the  Sirenia 
present  certain  alliances  to  the  Celacea  ;  and  though  they  are 
to  be  r^arded  as  separate  orders,  yet,  from  one  point  of  view, 
they  may  be  considered  as  belonging  to  a  single  section,  which 
has  been  called  Mutilala,  from  the  constant  absence  of  the 
liind-limbs. 

The  Sirenia  agree  with  the  Whales  and  Dolphins  in  their 
complete  adaptation  to  an  aquatic  mode  ot  life  (fig.  344) ; 
especially  in  the  presence  of  a  p&wetful  caudal  fin,  which  differs 
Jrvm  that  of  I-ishes  in  being  placed  horiiontally,  and  in  being  a 
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mere  expansion  of  the  integuments^  not  supported  by  bony  rays. 
The  hind-limbs  are  wholly  wanting;  *  and  there  is  no  sacrum. 


Fig.  344. — A,  Side  view  of  young  Afanatus  Americnnus  ;  B,  The  same  viewed 
from  above  ;  n  Nostrils.     (After  Murie.) 

Tlie  anterior  limbs  are  converted  into  S7vimming-paddles  or  ^^  flip- 
per s^  The  snout  is  fleshy  and  well-developed^  and  the  nostrils 
are  placed  on  its  upper  surface,  and  not  on  the  top  of  the  htad^ 
as  in  the  Whales,  Fleshy  lips  are  present,  and  the  upper  one 
usually  carries  a  moustache.  The  skin  is  covered  with  scattered 
bristles.  The  head  is  not  disproportionately  large,  as  in  the 
true  Whales,  and  is  not  so  gradually  prolonged  into  the  body 
as  it  is  in  the  latter.  There  may  be  only  six  cervical  vertebrae. 
The  teats  are  two  in  number  and  are  "  thoracic,"  i.e.,  are  placed 
on  the  chest.  There  are  no  clavicles,  and  the  digits  have  no 
more  than  three  phalanges  each.  The  testes  are  retained 
throughout  life  within  the  abdomen,  but  vesiculae  seminales 
are  present.  The  animal  is  diphyodont  (Manaius\  or  monofkf- 
odont  (Ifalicore) ;  the  permanent  teeth  consisting  of  molars  untk 
flattened  crowns  cuiapted  for  bruising  vegetable  food,  and  incisors 
ivhich  are  present  in  the  young  animal,  at  any  rate.  In  the 
extinct  Rhytina  it  does  not  appear  that  there  were  any  incisor 
teeth. 
The  only  existing  Siretiia  are  the  Manatees  (Afanatus)  and 

*  All  the  Sirenians  possess  a  rudimentary  pelvis,  and  in  the  extinct  JloS- 
therium  a  small  femur  is  present  in  addition. 
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the  Dugongs  {Haltcore\  often  spoken  of  collectively  as  "  sea- 
cows,"  and  forming  the  family  of  the  Manatida, 

The  Manatees  (fig.  345)  are  characterised  by  the  possession 
of  numerous  molar  teeth,  and  of  two  small  upper  incisors,  which 


Fig.  345. — A,  Side  view  of  the  skull  of  the  Dugong  {Halicore\  showing  the  tusk-like 
upper  incisors ;  B,  Side-view  of  the  skull  of  ^faIlatee  (J^IanatHs).    (Alter  Cuvier.) 

are  wanting  in  the  adult.  The  tail  -  fin  is  oblong  or  oval  in 
shape,  and  the  anterior  limbs  are  furnished  with  nails  to  the 
four  outer  digits.  One  species  (Manatus  Amtricanus)  occurs  on 
the  east  coast  of  North  America,  especially  in  the  Gulf  of  Mexico, 
and  another  (M,  Senegahnsis)  is  found  on  the  west  coast  of 
Africa.  They  are  generally  found  in  considerable  numbers 
about  the  mouths  of  rivers  and  estuaries,  often  ranging  far  in- 
land, and  they  appear  to  live  entirely  upon  sea-weeds,  aquatic 
plants,  or  the  littoral  vegetation.  They  are  large,  awkward 
animals,  with  a  dense,  rugose,  hairy  skin,  attaining  a  length  of 
from  eight  to  ten  feet  as  a  rule,  but  sometimes  growing  to  a 
length  of  nearly  twenty  feet. 

The  Dugongs  {Halicore^  fig.  345,  A)  have  5—^  or  ~^^ 

molar  teeth  in  the  young  condition,  but  these  are  never  all  in 
use  at  one  time.  The  molars  are  without  enamel,  and  are 
iin^e-rooted.  Inferior  incisors  are  present  in  the  young  ani- 
^toaX,  but  are  wanting  in  the  adult.  The  upper  jaw  carries  two 
permanent  incisors,  which  are  entirely  concealed  in  the  jaw  in 
the  females,  but  which  increase  in  size  in  the  males  with  the 
ige  of  the  animal,  till  they  become  pointed  tusks.  The  an- 
terior extremities  are  nail-less,  and  the  tail-fin  is  crescentic  in 
shape.  In  their  general  appearance  and  in  their  habits  the 
Oogongs  differ  litde  from  the  Manatees,  and  they  are  often 
Ulled  and  eaten.  They  attain  a  length  of  from  eight  to  ten, 
•'►'clve,  or  more  feet,  and  are  found  on  the  coasts  of  the  Indian 
i^cean,  extending  their  range  to  the  north  coast  of  Australia. 


have  been  any  true  teeth,  1 

lamelliTorm  fibrous  stmctur 
may  be  looked  upon  as  mol 
not  tf(th,  in  the  true  sense  o 
the  horny  tuberculated  plati 
of  the  Dugong  and  Mana 
regarded  as  the  equivalent 
Ruminants  (Murie).  The 
fibrous,  and  hairs  appear  to 
crescentic  tail-fin,  and  the  a 
As  regards  the  distributi, 
known  remains  referable  to 
Tertiary  {Eot/urium).  Of 
esting  form  described  from 
Owen  under  the  name  of 
is  remarkable  as  possessin 
tion  to  molar  and  incisor 
deposits  of  Europe  have  yi' 
belonging  to  the  genus  Hi 
like  upper  incisors  (as  in 
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sr/ft/  into  swimming-paddles  or  ^^ flippers  ;  "  the  proximal  bones 
^  the  fore-limbs  are  much  reduced  in  lengthy  and  the  succeeding 
mes  are  shortened  andflattemd^  and  are  enveloped  in  a  tendinous 
kin,  thus  reducing  the  limbs  to  oar-like  fins  ;  there  are  no  external 
%rs ;  the  posterior  limbs  are  completely  absent ;  and  there  is  a 
Twerfuly  horizontally  flattened,  caudal  fln,  sometimes  accompanied 
V  a  dorsal  fln  as  well  In  all  these  characters  the  Cetacea 
grce  with  the  Sirenia,  except  in  the  one  last  mentioned.  On 
le  other  hand,  the  nostrils ,  which  may  be  single  or  double,  are 
hvays  placed  at  the  top  of  the  head,  constituting  the  so-called 
blow-holes  "  or  "  spiracles  ;  "  and  they  are  never  situated  at  the 
tdofa  snout.  The  body  is  very  sparingly  furnished  with  hairs, 
"  the  cuiult  may  be  completely  hairless.  The  testes  are  retained 
iroughout  life  within  the  abdomen,  and  there  are  no  vesiculae 
iminales.  The  teats  are  two  in  number,  and  are  placed  upon 
le  groin.  The  liead  is  getter  ally  of  disproportionately  large 
'ze,  and  is  never  separated  from  the  body  by  any  distinct  con- 
friction  or  neck.  The  lumbar  region  of  the  spine  is  long,  and, 
5  in  the  Sirenia,  there  is  no  sacrum,  and  the  pelvis  is  repre- 
2nted  by  a  single  bone  (the  ischium)  on  each  side.  A  rudi- 
lentary  femur  may  be  present,  and  Balcena  mysticetus  has  a 
utilaginous  tibia  as  well.  There  are  no  clavicles,  and  some 
f  the  digits  may  possess  more  than  three  phalanges  each, 
astly,  the  adult  is  either  destitute  of  teeth,  or,  with  the  single 
tception  of  the  Zeuglodontida,  is  monophyodont — that  is  to  say, 
ossesses  but  a  single  set  of  teeth,  which  are  never  replaced 
)r  others.  When  teeth  are  present,  they  are  usually  conical  and 
umerous,  and,  except  in  the  Zeuglodonts,  they  are  always  of  one 
\nd  only. 

The  Cetacea  may  be  divided  into  the  five  families  of  the 
^alcenidce  or  Whalebone  Whales,  the  Dclphinidce  or  Dolphins 
id  Porpoises,  the  Catodontida  or  Sperm  Whales,  the  Rhyn- 
\oceti.QX  Ziphioid  Whales,  and  the  Zeuglodontidce,  Of  these, 
le  Balcenidce  are  often  spoken  of  as  the  "  toothless  "  Whales, 
hilst  the  other  four  families  are  called  the  "  toothed  "  Whales 
Idontoceti), 

Fam,  I.  Balcenidce, — The  Balanida  or  Toothless  Whales 
e  characterised  by  the  total  absence  of  teeth  in  the  adult 
g.  346).  Teeth,  however,  are  present  in  the  foetal  Whale, 
It  they  never  cut  the  gum.  The  place  of  teeth  is  supplied 
r  a  number  of  plates  of  whalebone  or  "  baleen  "  attached  to 
e  palate ;  hence  the  name  of  "  wlialebone  Whales "  often 
ven  to  this  family.  They  are  the  largest  of  living  animals, 
id  may  be  divided  into  the  two  sections  of  the  Smooth  Whales, 

which  the  skin  is  smooth  and  there  is  no  dorsal  fin  (as  in 
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the  Greenland  Whale),  and  the  Furrowed  'Whales,  in  which 
the  skin  is  furrowed  and  a  dorsal  fin  is  present  {as  in  the  so- 
called  Finner  Whales  and  Hump-baclced  Whale*. 


Fig.  34&— Skull  of  the  Rieht  Wlulc  {Babnta  m^Uict/MX    (After  Owu.) 

Whale  is  the  animal  which  is  soughl  after  in  Ihe  whale-fishery  of  Europt, 
and  hence  the  name  of  "Right"  Whale  often  applied  to  it.  ll  is" 
inhabitant  of  the  Arctic  seas,  and  reaches  a  len^h  of  from  foitjr  to  siitt 
feet.  Of  this  cnonnoua  length,  nearly  onc'third  is  made  ui>  of  the  hciiL 
so  tlial  the  eye  looks  as  if  it  ivere  placed  nearly  in  the  middle  of  th«  tio^' 
The  skin  is  completely  smooth,  and  is  destitute  ofhaiis  in  the  adulL  The 
fore-limbf  are  converted  into  "flippers"  or  smmming-paiidles.  but  lit 
main  organ  of  progression  is  the  tail,  which  often  measures  from  tnW» 
to  twenty-five  !eet  m  breadth.  The  mouth  is  of  enormous  siie,  the  up|ier 
janr  somewhat  smaller  than  the  lower,  and  both  completely  dcstiloie  of 
teeth.  Along  the  middle  of  the  palate  runs  a  strong  keel  bordered  by  i« 
lateral  depressions,  one  on  each  side.  Arrangcil  transversely  in  ibet 
lateral  depressions  arc  an  enormous  number  of  homy  plates,  constituliit: 
what  is  known  as  the  "baleen  "  plates,  from  which  the  whalcboiK  « 
commerce  is  derived.  The  atranfiement  of  Ihe  plates  of  baleen  is  sic*- 
what  as  follows  (lig.  347):— Each  plate  is  somewhat  trianpilar  in  shapii 
Ihe  shortest  side  or  base  being  deeply  sunk  in  the  palate.  The  ouler  f'lf 
of  the  plate  is  nearly  straight,  and  is  quite  untiroken.  The  inner  edge  >> 
slightly  concave,  and  is  furnished  with  a  close  fringe  formed  of  detachol 
fibres  of  whalebone.  For  simplicity's  sake  each  balecn-plalc  hu  !*<''_ 
regarded  here  xs  a  single  plate,  but  in  reality  each  plate  is  composed  i< 
several  pieces,  of  which  the  outermost  is  liy  far  the  larpsi,  ahilsl  t!* 
others  gradually  decrease  in  siic  towards  the  middle  line  of  the  pUlt. 
The  large  marginal  plates  are  from  eight  lo  ten  at  fourteen  feet  in  itng^ 
and  there  may  be  about  two  hundreil  on  each  side  of  the  mouth. 

The  object  of  the  whole  series  of  balecn.plates  with  which  the  palaW  'n 
funiishcd,  is  as  follows :— The  Whale  isa  strictly  camivorons  or  lomJug™* 
animal,  but  owing  lo  the  absence  of  teeth,  and  the  comparatively  ainll 
calibre  of  the  tcsophapjs,  it  lives  upon  very  diminutive  animall.'  Tb 
Whale,  in  fact,  lives  mostly  upon  the  shoals  of  small  Pteropodous  MoDos'^ 
Crustai-ai,  CUnopkora  and  Midusir,  which  swann  in  the  Aretic  seas.  To 
obtain  these,  the  wbate  swims  with  the  mouth  opened,  and  thus  Eilb  ik 
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mouth  with  an  enormans  mass  of  water.  The  bale«o-pl«tes  have  the 
obvious  function  of  a  "scieening  apparatuij."  The  water  U  strained 
through  the  numerous  plates  of  baleen,  and  all  the  minute  animals  which 
il  contains  are  arrested  and  collected  leather  by  the  inner  fibrous  edges 
of  the  baleen- plates.  When,  by  a  repetition  01  this  process,  ihe  Whale 
has  accumulated  a  sufficient  quantity  o(  food  within  the  cential  cavity  of 
the  mouth,  it  is  enabled  to  swallow  it,  without  taking  the  water  at  the 

We  have  now  to  speak  of  a  phenomenon  which  has  given  rise  to  a  con- 
siderable amount  of  controversy — namely,  what  is  known  as  the  "blow- 
ing "  or  "  spouting  "  of  the  whale.  In  all  the  Cetaceans  the  nose  opens 
by  a  single  or  double  aperture  (the  latter  in  the  Balanida)  upon  the  top 
of  the  head,  and  these  external  apertures  or  nostrils  are  known  as  the 
"  blow-holes"  or  "spiracles."  The  act  known  to  the  whalers  as  "blow- 
ing," consists  in  Ihe  expulsion  from  the  blow-holes  of  a  jet  of  what  is 
amiarently  water,  or  at  any  rale  looks  like  it.  This  act  is  performed  by 
the  whale  npon  rising  to  the  surface,  and  it  is  usually  by  this  that  the 


Vtg  347.— Dla^nnnofthcbulRii-pliiIesDraWhalF.  a  n  SrfiiiiiiDrihe  palatsl  lu 
of  the  npper  ;jiw,  showing  the  >lrcKig  median  ridge  oilieel;  i  *  B»jKn-pl»les  iu 
llwir  bua  in  the  (hJiie  ;  //  Fibnui  miigin  ofbalKn-pUteL 


'whereabonti  of  the  animal  is  discovered.     The  old  vi 


what  takes 


xid  of  the  surplus  water  which  it  has  taken  in  at  the  mouth  and  st 
throtigh  the  baleen- plalei.  The  modern  and  undoubtedly  correct  view, 
llowever,  is,  that  the  water  which  has  been  strained  through  the  baleen 
vically  make*  its  escape  at  ibe  sides  of  the  mouih,  and  does  not  enter  the 
(^huTtuc  to  be  expelled  through  the  nose.     L'|>on  this  view  the  apparent 
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column  of  water  emitted  from  the  blow-holes  in  the  act  of  Uowiz^  con- 
sists really  of  the  expired  air  from  the  lungs,  the  contained  watery  vapour 
of  which  is  suddenly  condensed  on  its  entrance  into  the  cold  atmosphoe 
With  the  expired  air  there  may  be  such  water  as  may  have  gained  aooea 
to  the  nose  through  the  blow-hole,  for  the  expulsion  of  which  proper  pro- 
vision  exists  in  the  form  of  muscular  diverticula  of  the  nasal  cavity.  It  is 
also  possible  that  the  column  of  air  in  being  forcibly  expelled  from  the 
blow-hole  may  take  up  with  it  some  of  the  superincumlient  water. 

The  skin  in  the  Right  Whale  is  perfectly  smooth  and  naked,  boticii 
underlaid  b^  a  thick  layer  of  subcutaneous  fat,  which  varies  iroin  e^  to 
fifteen  inches  in  thickness,  and  is  known  as  the  *'  blubber."  The  blabber 
ser\'es  partly  to  give  buoyancy  to  the  body,  but  more  espedallr  to  prated 
the  animal  against  the  extreme  cold  of  the  medium  in  which  it  lives.  It  is 
the  blubber  which  is  chiefly  the  object  of  the  whale-fishery,  as  it  yidds  the 
whale-oil  of  commerce. 

The  whale  which  is  captured  in  the  South  Atlantic  is  not  the  same 
species  as  the  Greenland  Whale,  and  is  termed  the  Balana  ausiraUs.  h 
is  much  about  the  size  of  the  Right  Whale,  averaging  about  fifty  feet,  boi 
the  head  is  proportionately  smaller.  In  the  South  Pacific  occurs  Balmn 
antipodarum,  and  in  the  North  Pacific  we  meet  with  the  B.  Jafcmka 
along  with  the  B,  mysticetus  or  Right  Whale  of  the  North  Atlantic  (Van 
Bcneden). 

The  only  remaining  members  of  the  Baittnitfig  which  require  notice  ire 
the  Rorquals  and  Hump-backed  Whales,  constituting  the  group  of  the 
"Furrowed  "  Whales.  These  are  collectively  distinguished  by  having  the 
skin  furrowed  or  plaited  to  a  greater  or  less  extent,  i^-hilst  the baleenplaift 
are  short,  and  there  is  a  dorsal  fm.  The  specific  determination  of  thc?c 
animals  is  a  matter  of  great  difficulty,  but  there  would  appear  to  be  prob- 
ably three  well-marked  genera  : — i.  The  genus  AJrgapftfa,  including  the 
so-called  Hump-backed  Wales,  in  which  the  flippers  are  of  great  length, 
from  one-third  to  one-fifth  of  the  entire  length  of  the  botly.  2.  The  genu* 
Baitcnoptera^  comprising  the  so-called  Rorquals  or  Piked  Whales,  in  which 
the  flippers  arc  of  moderate  size.    3.  The  Finner  Whales  proper ( /%rjd/*j •• 

In  all  these  genera  there  is  a  dorsal  adipose  fin,  so  that  they  are  ail 
**  Finner  Whales."  The  Baheiiopter<c  reach  a  gigantic  size,  being  some- 
times as  much  as  eighty  or  one  hundred  feet  in  length.  They  are  \  cry 
active  animals,  however,  and  their  whalelwne  is  comparatively  valueIe?N 
so  that  the  whalers  rarely  meddle  with  them,  though  they  are  not  uno-ra- 
mon,  and  are  often  driven  ashore  on  our  own  coasts. 

Fam.  2.  Catodontida, — The  family  of  the  CatodontiilT  or 
Physeterida  comprises  the  Sperm  Whales  or  Cachalots,  wi-"- 
which  we  commence  the  series  of  the  toothed  Whales  (Odcn- 
focefi).  They  are  characterised  by  the  fact  that  the  palate  :> 
destitute  of  baleen-plates,  and  the  lower  jaw  possesses  a  series 
(about  fifty-four)  of  pointed  conical  teeth,  separated  by  inter- 
vals, and  sunk  in  a  common  alveolar  groove,  which  is  only 
imperfectly  divided  by  septa.  The  upper  jaw  is  also  in  reality 
furnished  with  teeth,  but,  with  a  single  partial  exception,  these 
do  not  cut  the  gum. 

The  best-known  species  of  this  family  is  the  great  Cachalot  or  Spe^ 
maceti  Whale  {Physeter  macrocephalus^  fig.  348).  This  animal  isofe*'* 
mous  size,  averaging  from  fif^y  to  seventy  feet  in  length,  hot  the  ittii^ 
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are  a  good  deal  smaller  than  the  males.  The  head  is  disproportion- 
ately large,  as  in  the  Balanu/a,  forming  nearly  one-third  of  the  entire 
length  of  the  body.  The  snout  forms  a  broad  truncated  muzzle,  and  the 
nostrils  are  placed  near  the  front  margin  of  this.     The  Sperm  Whales 


Fig.  348.— Spermaceti  Whale  {PAyseUr  macrocfphaltu). 

live  together  in  troops  or  **  schools,"  and  they  are  found  in  various  seas, 
especially  within  the  tropics.  They  are  largely  sought  after,  chiefly  for 
the  substance  known  as  '*  spermaceti ; "  but  Asides  this  they  yield  oil  and 
the  singular  body  called  •'ambergris."  The  spermaceti  is  a  fatty  sub- 
stance, which  has  the  power  of  concreting  when  exposed  to  the  air,  being 
in  life  a  clear  white  oily  liquid.  It  is  not  only  diffused  through  the  entire 
blubber,  but  is  also  contained  in  special  cavities  of  the  head.  The  sperm- 
oil  yielded  by  the  blubber  is  exceedingly  pure,  and  is  free  from  the  un- 
pleasant odour  of  ordinary  whale-oil.  The  ambergris  is  a  peculiar  sub- 
stance which  is  found  in  masses  in  the  intestine,  and  is  probably  of  the 
nature  of  a  biliary  calculus,  since  it  is  said  to  be  composea  of  a  substance 
very  nearly  allied  to  cholcsterine.  It  is  used  both  as  a  perfume  itself,  and 
to  mix  with  other  perfumes. 

JFam,  3.  Deiphinidce. — This  family  includes  the  Dolphins, 
Porpoises,  and  Narwhal,  and  is  characterised  by  usually  pos- 


Fig.  349.— Side-view  of  the  skull  of  Delphinus  tursio.    (After  Cuvier.) 

sessing  teeth  in  both  jaws:  the  teeth  being  numerous,  and 
conical  in  shape  (fig.  349).  The  nostrils,  as  in  the  last 
family,  are  united,  but  they  are  placed  further  back,  upon  the 
top  of  the  head.  The  single  blow-hole  or  nostril  is  trj^nsverse 
and  mostly  crescentic  or  lunate  in  shape.  The  head  is  by  no 
means  so  disproportionately  large  as  in  the  former  families, 
usually  forming  about  one-seventh  of  the  entire  length  of  the 
1>ody. 


ages  from  six  to  eight  feet 
swimming  in  flocks,  often  acc< 
The  female,   like    most  of  t 
Dolphin  occurs  commonly  in 
cially  abundant  in  the  Medite 

The  common  Porpoise  (Akv*) 
smallest  of  all  the  Crtacta,  mrely  e 
is  blunt,  and  ii  not  produced  inti 
Frequents  the  North  Sea,  and  is  c 
British  species  is  the  Grampus  (1 
attaining  a  length  of  from  eighlee 
Grampus  is  the  so-called  "  Cairw 
the  "  Botllcnosed "  Whale  (GIA 
species  occuis  not  uncommonly  n 
and  attains  a  length  of  as  much  u 
habits,  and  is  often  killed  for  the  ; 

Closely  allied  to  the  true  Dolpfa 
to  three  genera,  but  all  inhabitiii{ 
qclic  Dolphin  {Platanista  Gangiti 
near  its  mouth.  This  singular  u 
of  its  slendei  muule,  and  by  th 
length  of  seven  feet,  and  the  bio 


Bolhiimtij,  which  inhabits  the  r 
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the  females  also  exhibits  no  teeth  externally,  as  a  general  rule  at  any 
bou^^h  there  are  two  rudimentary  canines  (often  looked  upon  as  in- 
which  do  not  cut  the  gum.  In  the  males,  the  lower  jaw  is  likewise 
ilous,  but  the  upper  jaw  is  furnished  with  two  molar  teeth  concealed 
gam,  and  with  two  canines.  Of  these  two  upper  canines,  that  of 
{ht  side  is  generally  rudimentary,  and  is  concealed  from  view.  The 
>per  canine,  on  the  other  hand,  is  developed  from  a  permanent  pulp, 
x>ws  to  an  enormous  size,  continuing  to  increase  in  length  through- 
le  life  of  the  animal.  It  forms  a  tusk  of  from  eight  to  ten  feet  in 
,  and  it  has  its  entire  surface  spirally  twisted.  As  an  abnormality, 
Jie  upper  canines  may  be  developed  in  this  way  so  as  to  form  pro- 
l  tusks ;  and  it  is  stated  that  the  tusk  is  occasionally  present  in  the 
i.     The  function  of  this  extraordinary  tooth  is  doubtless  offensive. 

m,  4.  Rhynchocetu — This  family  is  allied  to  the  Cachalots 
erm  Whales,  and  includes  the  so-called  "  Ziphioid  Whales." 

are  distinguished  by  the  possession  of  a  pointed  snout 
"beak"  or  "rostrum"),  single  blow -hole,  small  dorsal 
nd  dentition.  The  upper  jaw  is  greatly  extended  and  is 
tulousy  any  teeth  which  may  be  present  not  cutting  the 
The  lower  jaw,  on  the  other  hand,  possesses  usually  a 
;  pair  of  teeth,  sometimes  two  pairs,  which  are  sometimes 
like,  but  which  in  other  cases  are  concealed  by  the  gum, 
ure  always  most  conspicuous  in  the  males. 
le  rostrum  of  these  Cetaceans  is  of  great  density,  and  has 

been  preserved  in  a  fossil  state,  usually  presenting  itself 
bony  cylinder  or  elongated  cone,  generally  more  or  less 
-worn.  The  most  important  living  genera  are  Hyperoodon 
ZiphiuSj  of  which  the  former  is  found  in  the  North  Atlantic, 
he  latter  in  the  Mediterranean  and  South  Atlantic.  The 
■a  Berardius  and  Mesoplodon  belong  to  the  New  Zealand 
nee. 
m,  5.  Ztitglodontida. — The  members  of  this  family  diflfer 

all  existing  Odontoceti  in  the  possession  of  molar  teeth 
mted  by  two  distinct  fangs.  Incisor  teeth  are  likewise 
nt,  and  the  animal  is  diphyodont  The  2^uglodonts  are 
»ly  extinct,  and  they  are  exclusively  confined  to  the 
ne,  Miocene,  and  Pliocene  periods.  The  chief  genera 
'^uglodon  and  Squalodon, 

uglodon  (fig.  351)  is  distinguished  by  its  elongated  snout, 
al  incisors,  and  molar  teeth  with  triangular  serrated 
ns,  implanted  in  the  jaw  by  two  roots.    Each  molar  looks 

it  were  composed  of  two  separate  teeth  united  on  one 

by  their  crowns  ;  and  it  is  this  peculiarity  which  is  ex- 

ed  by  the  generic  name.     The  species  of  Zeuglodon  are 

:ne  and  Miocene.    The  species  of  Squalodon  are  Miocene 

Pliocene, 

;  regards  the  distribution  of  the  Cetacea  in  titne^  no  mem- 
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ber  of  the  order  has  yet  been  detected  in  any  Secondary 
deposit.     The  Zeuglodonts,  as  just  remariced,  extend  from 


(After  LyclL) 


the  Eocene  to  the  Pliocene,  Zaiglodon  itself  being  tlie  oldest 
Cetacean  at  present  known.  The  Ziphioid  Whales  begin  in 
the  Pliocene,  as  do  the  CatodoHtida  \  but  the  Drphinida  aie 
known  to  occur  in  the  Miocene.  The  Balanida  ate  noi 
known  to  have  existed  earlier  than  the  Pliocene. 


CH.'^PTER    IJCXIIL 

UNCULATA. 

Order  VI.  Un'CULATa.  —  The  order  of  the  Ungulata,  M 
Hoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Mammalia.  It  comprises  ihrw 
entire  old  orders  —  namely,  the  Pachydimiata,  SoliduHgnl', 
and  Ruminaniia. 

The  first  of  these  old  divisions— that  of  the  PacMamati— 
iiicluded  the  Elephants,  Rhinoceros,  Hippopotamus,  TapiR. 
and  the  Pigs,  all  characterised,  as  the  name  implies,  by  their 
thick  integuments.  The  name  is  still  used  to  express  this  (act, 
ihough  the  order  is  now  abandoned,  and  is  merged  with  ihu 
of  the  Ungiilata ;  the  Elephants  alone  being  remo^-ed  to  > 
separate  order  under  the  name  of  Proboscidea. 

The  second  old  order — that  of  the  Solidungula  or  Solipeds 
— included  the  Horse,  Zebra,  and  Ass,  all  characterised  by  ^ 
fact  tliat  the  foot  terminates  in  a  single  toe,  encased  in  ^^ 
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;d  hoof.     The  name  Solidungula  is  still  retained  for 
limals,  as  a  section  of  the  Ungulata, 
third  old  order — that  of  the  Ruminantia — includes  all 
nimals,  such  as  Oxen,  Sheep,  Goats,  Camels,  Giraffes, 
nd  others,  which  chew  the  cud  or  "ruminate,"  and 

0  functional  toes  to  each  foot,  encased  in  hoofs.  The 
\uminantia  is  still  retained  for  these  animals,  as  consti- 
.  most  natural  group  of  the  U/iguiaia, 

lese  various  animals,  then,  are  now  grouped  together 
:  single  order  of  the  Ungulata^  or  Hoofed  Quadrupeds, 
following  are  the  characters  of  the  order : — 
he  four  limbs  are  present,  and  t/iai  portion  of  the  toe  which 
the  ground  is  always  encased  in  a  greatly-expanded  nail^ 
ing  a  "  hoof.^^  There  are  never  more  than  four  full-sized 
ich  limb.  Owing  to  the  encasement  of  the  toes  in  hoofs, 
s  are  useless  for  prehension,  and  only  subserve  locomotion; 
rvicUs  are  ahvays  wanting  in  the  entire  order.  There 
^ays  two  sets  of  enamelled  teeth,  so  that  the  animal  is 
Tnt,  The  molar  teeth  are  massive  and  have  broad  crowns, 
for  grinding  vegetcU?le  substances, 
>rder  Ungulata  is  divided  into  two  primary  sections: — 
issodactyla,  in  which  the  toes  or  hoofs  are  odd  in  num- 
*  or  three),  and  the  Artiodcutyla,  in  which  the  toes  are 
number  (two  or  four). 

ON  A.  Perissodactvla. — The  section  of  the  Perisso- 
Ungulates  includes  the  Rhinoceros,  the  Tapirs,  the 
ind  its  allies,  and  some  extinct  forms,  all  agreeing  in 
)wing  characters : — 

kind  feet  are  odd-toed  in  all  ifig,  352,  B),  and  the  fore-feet 
:cept  the  Tapirs  and  Brontotheridce.     The  dorso-lumbar 

are  never  less  than  twenty-two  in  number,  Thefetnur 
hird  trochanter.  The  horns,  if  present,  are  not  paired 
'n  the  extinct  genus  Diceratheriuni).  Usually  there  is 
horn,  but  if  there  are  two,  tliese  are  placed  in  the  middle 
he  head,  one  behind  the  other  (fig.  354).  In  neit/ier  case 
\orns  ever  supported  by  bony  horn-cores.  The  stomach  is 
ind  is  not  divided  into  several  compartments  ;  and  there 
T^e  and  capacious  ccecum, 
three  existing  groups  of  Perissodactyle   Ungulates — 

the  Horses,  Tapirs,  and   Rhinoceroses — are  widely 

1  from  one  another  in  many  important  characters; 
intervals  between  them  are  largely  filled  up  by  an 

^e  series  of  fossil  forms,  commencing  in  the  Lower 
r  strata. 
1.  Rhinocerida, — This  family  comprises  only  a  single 


MANUAL  OF  ZOOLOGY. 


living  genus,  the  genus  Riunoceros,  unless,  indeed,  the  little 
Hyrax  is  to  be  retained  in  this  order.     The  Rhinoceroses  are 


r'ig-351.— FmofUninilata.   A,  Yort-faaitSla^a  iTl^iria  Malayaniay.'K.Vm-f 
ditlylc  forc-fooI  of  /f*.«wM  5«~nlm.Hi;   C.  Ankxlaciyk  foul  of  Ri'-" 

extremely  large  and  bulky  brutes,  having  a  very  thick  skin,  whirfi 
is  usually  thrown  into  deep  folds.     The  muzzle  is  rouDded 

and  blunt,  and  there  are  ?'^'  molars,  with  tuberculatc  crowns. 


There  are  no  canines,  but  there  are  usually  incisor  teelh  in 
both  jaws.  The  skull  (tig.  353)  is  pyramidal,  and  the  nasal 
bones  are  enormously  developed.  The  feet  (fig.  351,  B)»re 
liimished  with  three  toes  each,  encased  in  hoofs.  The  nasi 
bones  usually  support  one  or  two  horns,  which  are  not  paired 
in  any  hving  form.  The  horn  is  composed  of  longitudiial 
fibres,  which  are  agglutinated  together,  and  are  of  the  nature 
of  epidermic  growths,  somewhat  analogous  to  hairs.  WTioi 
two  horns  are  present,  the  hinder  one  is  carried  by  the  froool 
bones,  and  is  placed  in  the  middle  line  of  the  head  behind  ite 
anterior  hom.  The  posterior  horn  is  usually  much  shwtf 
than  the  anterior  one ;  and  if  not,  it  differs  in  shape. 

In    the    extinct    genus   DUeratherium  of   Mai^h,  from  if" 
Miocene  of  Oregon,  there  are  two  horns  placed  tranCTendj    I 
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and  symmetrically  upon  the  nasal  bones.  This  singular  foim 
further  differs  from  the  typical  Rhinoceroses  in  having  four 
toes  to  the  fore-feet,  whilst  the  hind-feet  have  only  three. 


iw;  B,  Sidc-viiw  uf 


The  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly 
on  the  foliage  of  trees.  They  are  exclusively  confined  at  the 
present  day  to  the  warmer  parts  of  the  Old  World  ;  but  several 
extinct  species  formerly  ranged  over  the  greater  part  of  Europe, 
Of  the  one-homed  species,  of  which  there  are  three,  the  best 
known  is  the  Indian  Rhinoceros  (J?.  Indiats  or  unicornis), 
which  was  probably  the  "  Unicom  "  of  the  ancients.  Another 
Species  with  one  horn  {R.  Sondatnts)  inhabits  Java,  Sumatra, 
and  Borneo.  Of  the  two -homed  species,  one  {R.  Suma- 
trmsis)  is  found  in  Sumatra  and  the  Malay  Peninsula,  and  is 
remarkable  for  the  comparative  absence  of  cutaneous  folds. 
The  best  known,  however,  is  the  African  Rhinoceros  {R. 
bicomis)  which  occurs  abundantly  in  Cape  Colony  and  in  the 
southern  parts  of  the  African  continent  (fig.  354).  Aaother 
African  species  is  the  White  Rhinoceros  (R.  limits),  distin- 
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guished  from  the  precediDg  by  its  colour,  the  shoitoess  of  id 
upper  lip,  and  the  great  length  of  the  anterior  horo ;  and  » 
least  two  other  two-homed  species  occur  in  the  same  couoti]'. 


Fam.  2.  TapiriJa. — The  Tapirs  are  cliaracterised  by  ihe 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
(fig.  353,  A)  is  pyramidal,  like  that  of  the  pigs,  and  the  nasil 
bones  project  over  the  nasal  cavity.  The  skin  is  hair)'  and 
very  thick.  The  tail  is  extremely  short.  The  fore-feet  (l^- 
352,  A)  have/pur  toes  each,  but  these  are  uns)'mmetrical  (the 
little  toe  being  smaller  than  the  rest  and  not  toudiing  the 
ground),  and  the  hind  feet  have  only  three  toes,  all  encased  in 

hoofs.     The  jaws  are  furnished  with   incisor  teeth,  (  — ^K 


small  canines,  and 


6—6 


molars. 


Several  species  of  Tapirs  are  known,  of  which  the  most 
familiar  is  the  American  Tapir  {T.  Aniertcanus),  which  in- 
habits the  vast  forests  of  South  America.  It  is  a  large  aninwl, 
something  like  a  pig  in  shape,  but  brownish  black  in  colour, 
and  having  a  mane.  It  is  noclumal  in  its  habits,  and  is  stricth 
phytophagous.  The  proboscis  is  employed  in  convc)ing  the 
food  to  the  mouth,  and  the  nostrils  are  placed  at  its  extremitc. 
It  attains  altogether  a  total  length  of  from  five  to  six  ft<^ 
Another  species,  with  longer  hair  (T.  viUosus),  inhabits  ihi; 
Andes,  and  a  still  larger  species  (7^  Malayanus)  is  found  in 
Sumatra,  Borneo,  and  Malacca.  In  this  last,  there  is  no 
mane,  and  the  general  colour  is  black ;  but  the  back,  nimp. 
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and  sides  of  the  belly  are  white.  The  Elasmagnaihus  Bairdii 
occurs  in  Central  America,  and  one  or  more  species  of  the 
genus  Tapirus  (T.  Roulini  and  T.  leucogenys)  have  been  dis- 
covered in  the  elevated  regions  of  Ecuador  and  New 
Granada. 

Fam.  3.  Brontotherida. — We  may  provisionally  place  here 
the  brge  fossil  Mammals  from  the  Miocene  of  North  America, 
which  Professor  Marsh  has  described  under  tJie  name  of  Bron- 
ttitheridcE.     In  these,  the  fore-feet  have  four  nearly  equal  toes, 


if  Bnmlnliirlum  intiHS.  {AftciMar 


and  the  hind-feet  three,  thus  resembling  the  Tapirs.  The 
skull  is  elongated,  and  a  pair  of  very  large  hom-cores  are 
carried  upon  the  maxillaries  .and  the  anchylosed  nasal  bones 
in  both  sexes.     The  dental  formula  in  Brontolherium  is — 

a— 3'  I— I''  3—3'  3—3  ^  ■ 
The  incisors  are  small ;  and  the  canines  are  short  and  not 
separated  from  the  prjemolars  by  any  diastema,  these  latter 
being  much  smaller  than  the  molars.  The  neck  was  long,  and 
there  seems  to  have  been  a  long  tail.  The  nose  was  probably 
elongated  and  flexible,  but  there  would  not  appear  to  have  been 
a  long  proboscis.  The  Brontolherida  seem  to  be  the  succes- 
sors of  the  Dino^erata  of  the  Eocene.  The  chief  genus  is 
Brontotherium,  with  which  the  Symborodon  and  MiobasiUus  of 
Professor  Cope  are  more  or  less  entirely  synonymous. 

The  genera  Tilanotherium,  Megactri^s,  and  DUonodon  {Ani- 
saeodon)  also  belong  to  this  group. 

Fam.  4.  Palteotherida. — This  family  includes  certain  extinct 
Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They  are 
characterised  by  the  possession  of  three  toes  to  all  the  feet,  by 
having  canines,  and  by  the  fact  that  the  lower  molars  have  a 
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doubly  crescentic  form.    The  canines  are  longer  than  the  other 
teeth,  and  the  dental  formula  is — 


.3 


4—4 


3—3        I— i'^     4—4'       3—3 


3—3 

m  -■_ — 7  =  44- 


The  chief  genus  in  this  family  is  Palaotherium  itsel£  Several 
species  of  this  genus  are  known,  varying  in  size  from  a  sheep 


Fig.  356. — Grinding  surface  of  the  molar  teeth  of  the  opper  jaw  ci  PmUt^tkerimm 

crassum,    (After  Owen.) 

up  to  a  horse.  From  the  size  and  form  of  the  nasal  bones  it 
is  deduced,  with  great  probability,  that  the  Paiaat/urukt  pos- 
sessed a  short  movable  proboscis  or  trunk. 

The  curious  genus  Macrauchetiia^  from  the  Post-Tertiar}' 
deposits  of  South  America,  may  perhaps  be  placed  here,  since 
all  the  feet  are  three-toed.  The  dental  formula  is  as  in  Pako- 
therium,  except  that  there  is  an  additional  pnemolar  in  the 
upper  jaw  on  each  side.  The  cervical  vertebrae  of  Macrau- 
chenia  are,  however,  exceedingly  like  to  those  of  the  Camelida, 
so  that  the  genus  is  a  transitional  one. 

Fam,  5.  Solidungida  or  Equidce. — This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 
feet,  in  living  forms,  have  only  a  single  perfect  toe  each, 
enclosed  in  a  single  broad  hoof,  without  supplementary  hoofs 
(fig.  357,  D).  There  is  a  discontinuous  series  of  teeth  in  each 
jaw ;  and  in  the  males,  canines  are  present,  but  these  are  warn- 
ing in  the  females.     The  dental  formula  is — 

I c ;  pm    :  ///   -  -    =  40. 

I— I        1— i'^     3—3'       3—3 

The  skin  is  covered  with  hair,  and  the  neck  is  furnished  with 
a  mane. 

The  family  EquidcB  is  divided  by  Dr  Gray  into  two  sections 
or  genera  :  Equus,  comprising  the  Horse  ;  and  AsinuSy  com- 
prising the  Asses  and  Zebras.  Many  authorities,  however,  place 
all  the  existing  forms  under  the  single  genus  Equus, 

The  genus  Eqnus  is  distinguished  by  the  fact  that  the 
animal  is  not  banded,  and  has  no  dorsal  line ;  both  the  for? 


1 


i.l 
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and  hind  legs  have  warts,  and  the  tail  is  hairy  throughout. 
The  genus  appears  to  contain  no  more  than  one  well-marked 


*'»§•  357'  —Skeleton  of  the  foot  in  various  forms  belonging  to  the  family  of  the  Eqtddte: 
A,  root  of  Orohip^i^  Eocene;  B,  Foot  of  A MckitAenum.  Upper  Eocene  and 
Lower  Miocene  ;  C,  Foot  of  //ip/arron.  Upper  Miocene  and  Pliocene  ;  D,  Foot  of 
Hone  (E^tts),  Pliocene  and  Recent.  The  numerals  indicate  the  numbers  of  the 
digits  in  the  typical  five-fingered  hand  of  Mammals.    (After  Marsh.) 

species,  if  the  Asses  be  excluded,  and  as  far  as  living  forms  are 
concerned  —  namely,  the  Equus  caballus.  From  this  single 
species  appear  to  have  descended  all  the  innumerable  varieties 
of  horses  which  are  employed  by  man.  The  native  country 
of  the  horse  appears  to  have  been  Central  Asia,  but  all  the 
known  wild  individuals  of  the  present  day  appear  to  be  de- 
scendants of  domestic  breeds. 

The  Ass  (Equus  asinus)  is  characterised  by  the  fact  that 
there  is  always  a  distinct  dorsal  line,  and  the  body  is  more 
or  less  banded ;  the  fore-legs  alone  have  warts,  and  the  tail 
has  a  tuft  of  long  hair  at  its  extremity.  The  Ass  is  probably  a 
native  either  of  Northern  Africa  or  of  South-western  Asia,  and 
it  has  been  supposed  to  be  the  descendant  either  of  the  "  Djig- 
getai"  (Equus hemianus),  or  the  "Onager"  (Equus  onager\  both 
wild  existing  species.  According  to  Lenormant,  the  Ass  was 
domesticated  in  Egypt  at  the  very  earliest  periods  of  its  his- 
tory, long  before  the  introduction  of  the  Horse ;  and  it  may, 
therefore,  be  the  descendant  of  a  wild  African  form.  The 
striped  and  banded  asses  are  known  as  Zebras  and  Quaggas, 
and  are  distributed  over  the  greater  part  of  Africa.  Several 
genera  (Anchitheriuniy  Hipparion^  OrohippuSj  MiohippuSj  Plio- 
hippus,  &c.)  have  been  founded  upon  the  remains  of  fossil 
Equidce,  Many  of  these  are  of  special  interest,  as  showing 
an  almost  perfect  series  of  gradations  between  a  foot  with 


A 


not  beinif  ^^"17  cnciugh  Id  touch  ihf  | 
In  the  later  Vliocene  we  meet  wi 
foot  ii  precisely  Ihat  of  Eguui,  with 
(lig.  357,  D),  but  ihere  is  an  aJililiono 
U  present.     Lastly,  in  ihe  Post-Pljoi 

Section  B.  Artiodactvla, 
lates  tAt  number  of  the  toes  is  e, 
third  toe  on  each  foot  forms  a  . 
(fig.  3SI,  C).  The  dorso-lumb, 
ber,  and  there  is  no  third  troche 
are  present,  these  are  alitiays  in 
horn-cores.  The  antlers  of  the 
not  to  be  regarded  as  true  horn, 
less  complex,  or  is  divided  into  «• 
is  comparatifeiy  small  and  simf 
tyla,  recent  and  extinct,  are 
sections,  in  accordance  with  i 
one  section  (Selenodonta)  th 
living  Ruminants  and  the  en 
ond  group  {Bunodontd)  are  th 
in  which  the  teeth  have  tube 

The  section  Artiodactyla  t 
Pigs,  and  the  whole  group  o 
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I.  Hippopotamida.  —  This  group  contains  only  the  single 
genus  Hippop^amus,  characterised  by  the  massive  heavy  body, 


Fig.  3SS— SkuUcif//i>/B/i"'= 


the  short  blunt  muzzle,  the  large  head,  and  the  presence  of 
teeth  of  three  kinds  in  both  jaws  (fig.  358).     The  incisors  are 

— "^ ,  the  canines  extremely  larfje,  '~',  and  the  molars  ^^^ 

2—2  °       1  —  1  7—7 

or  ~ — -,  with  crowns  adapted  for  grinding  vegetable  sub- 
stances. The  upper  canines  are  comparatively  short,  but  the 
lower  canines  are  in  the  form  of  enormous  tusks,  with  a  chisel- 
shaped  edge.  Tlie  feet  are  massive,  and  are  terminated  by 
four  hoofed  toes  each.  The  eyes  and  ears  are  small,  and  the 
skin  is  extremely  thick,  and  is  furnished  with  few  hairs.  The 
tail  is  very  short. 

Several  extinct  species  of  Hippopotamus  are  known ;  but 
there  is  only  one  familiar  living  form,  the  Hippopotamus 
amphibius  or  River-horse,  and  this  is  confined  to  the  African 
continent.  It  is  an  enormously  bulky  and  unwieldy  animal, 
reaching  a  length  of  eleven  or  twelve  feet.  It  is  nocturnal  in 
its  habits,  living  upon  grass,  the  foliage  of  trees,  and  herbs,  and 
it  swims  and  dives  with  great  facility.  It  is  found  in  tolerable 
abundance  in  the  rivers  of  Abyssinia,  and  occurs  plentifully" in 
South  Africa.  A  much  smaller  form  (the  so-called  Hippopo- 
tamus or  Charopsis  Liberiensis)  occurs  on  the  west  coast  of 
Africa,  but  it  is  exceedingly  rare,  and  comparatively  little  is 
known  about  it  It  possesses,  however,  only  two  lower  incisors 
instead  of  four. 


6/2  MANUAL  OF  ZOOLOGY. 

2.  Sttida.—'The  group  of  the  Suida,  comprising  the  ^ 
Hogs,  and  Peccaries,  is  veiy  closely  allied  to  the  preceding; 
but  the  feet  (fig,  352)  have  only  two  functional  toes,  the  olha 
two  toes  being  much  shorter,  and  hardly  touching  the  gnmnd. 
All  the  three  kinds  of  teeth  are  present,  but  they  yvj  a  good 
deal.     The  canines  (fig.  359)  always  are  very  large,  aod  in 


■^Jafin.,).    (AftaCniy.) 


the  males  they  usually  constitute  formidable  tusks  projecting 
from  the  sides  of  the  mouth.  The  incisors  are  variable,  bui 
the  lower  ones  are  always  inclined  forwards.      The  mollis 

vary  from  three  to  seven  on  each  side  of  the  mouth  (' — -~  or 

'^—^\  and  have  tuberculate  crowns.  The  stomach  is  mosily 
7—7 

slightly  divided,  and  is  not  nearly  so  complex  as  in  the 
Ruminants.  The  snout  is  truncated  and  cylindrical.  fineJ 
for  turning  up  the  ground,  and  is  capable  of  considerabk 
movement.  The  skin  is  more  or  less  abundantly  covered 
with  hair,  and  the  tail  is  very  short,  or  represented  only  by  1 
tubercle. 

Of  the  true  Swine,  the  best  known  and  most  important  is 
the  Wild  Boar  (Sus  scrofa),  from  which  it  is  probable  thai 
most  of  our  domestic  varieties  of  swine  have  sprung.  Tht 
Wild  Boar  formerly  inhabited  this  country,  and  is  still  abun- 
dant in  many  of  the  forests  of  Europe.  It  is  often  hunted, 
and  (he  size  and  sharpness  of  its  canmes  render  it  a  tolenbh 
formidable  adversary,  as  is  also  its  congener,  the  Indian  Hog 
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Sut  fndieus).  Another  curious  form,  closely  related  to  the 
Vild  boar,  is  the  Babyroussa  (Babirusa),  which  inhabits  the 
stands  of  Celebes  and  Borneo  in  the  Melanesiao  province.  It 
s  remarkable  for  the  great  size  and  backward  curvature  of  the 
ippcr  canines.  The  upper  canines  pierce  the  upper  lip  in  the 
nales,  and  their  alveoli  are  directed  upwards.  The  legs  are 
'ery  Jong  and  slender;  hence  the  name  "Hog-deer"  some- 
imes  applied  to  it. 

The  African  Wart-hogs,  forming  the  genus  Phacocharus,  are 
listinguished  by  having  a  fleshy  wart  under  each  eye,  They 
nhabit  Abyssinia,  the  Guinea  coast,  and  other  parts  of  Africa, 
[Tie  American  Peccaries  (Dicoiyla)  represent  the  swine  of 
he  Old  World.  They  are  singular  for  having  only  three  toes 
m  the  hind-foot,  the  outer  of  the  two  supplemental  hoofs  being 
ranting.  The  canines  are  not  exserted,  there  are  only  four 
ipper  incisors,  and  there  is  no  tail.  They  are  exclusively 
onfined  to  the  American  continent,  extending  from  Paraguay 
s  far  north  as  Texas  and  Arkansas,  and  the  commonest 
pecies  is  the  Collared  Peccary  {Dicotyles  torquatus).  They 
re  not  at  all  unlike  small  pigs  either  in  their  appearance  or 
n  their  habits,  and  they  are  gregarious,  generally  occurring  in 
mall  flocks. 

3.  Anoplotherida. — This  group  comprises  extinct  Artio- 
actylcs  which  belong  to  the  Eocene  and  Miocene  periods, 
nd  form  a  kind  of  transition  between  the  Swine  and  the 
Luniinants.     In  Anoplotherium  itself  (fig.  360)  the  body  is 
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lender,  provided  with  a  long  tail,  and  having  the  feet  tcrmi- 
ated  by  two  toes  each,  sometimes  with  small  accessory  hoofs 
\  addition.  The  dentition  is  remarkable  in  the  fact  that  no 
ap  or  diastema  exists  between  the  molars  and  the  canines, 
2  U 
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the  teeth  thus  forming  an  even  and  uninterrupted  series.    The 
dental  formula  is — 

/  5ZI?  ;  c        ^  :  pm  IZ^  •  m  5ZZ3  =  aa 
3—3        I— I  4—4         l—Z 


RUMINANTIA. 

The  last  section  of  the  ArtiodadyU  Ungulates  is  the  great 
and  natural  group  of  the  Ruminantia^  or  Ruminant  animals. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following  char- 
acters : — 

The  foot  is  what  is  called  "  cloven,"  consisting  of  a  symmet- 
rical pair  of  toes  encased  in  hoofs  and  looking  as  if  produced 
by  the  splitting  into  two  equal  parts  of  a  single  hoof.  In  ad- 
dition to  these  functional  toes,  there  are  mostly  two  smaller 
supplementary  hoofs,  placed  at  the  back  of  the  foot  The 
metacarpal  bones  of  the  two  functional  toes  of  the  fore-limb, 
and  the  metatarsal  bones  of  the  same  toes  of  the  hind-limb, 
coalesce  to  form  a  single  bone,  kno^n  as  the  "  canon-bone." 
The  stomach  is  complex,  and  is  divided  into  several  compart- 
ments, this  being  in  accordance  with  their  mode  of  eating. 
They  all,  namely,  ruminate  or  "chew  the  cud" — that  is  to  say, 
they  first  swallow  their  food  in  an  unmasticated  or  partially- 
masticated  condition,  and  then  bring  it  up  again,  after  a  longer 
or  shorter  time,  in  order  to  chew  it  thoroughly. 

This  process  of  rumination  is  so  characteristic  of  this  group, 
that  it  will  be  necessary  to  describe  the  structure  of  the  stom- 
ach, as  showing  the  mechanism  by  which  this  singular  process 
is  effected.     The  stomach  (fig.  361)  is  divided  into  four  (rarely 
three)  compartments,  which  are  usually  so  distinct  from  one 
another  that  they  have  generally  been  spoken  of  as  so  many 
separate  stomachs.     The  gullet  opens  at  a  point  situated  be- 
tween the  first  and  second  of  these  cavities  or  "stomachs." 
Of  these  the  largest  lies  on  the  left  side,  and  is  called  the  **  ru- 
men "  or  "  paunch  "  (fig.  361,  r).    This  is  a  cavity  of  very  large 
capacity,  having  its  interior  furnished   with   numerous  hard 
papillae  or  warts.     It  is  the  chamber  into  which  the  food  i> 
first  received  when  it  is  swallowed,  and  here  it  is  moistened 
and  allowed  to  soak  for  some  time.     The  second  stomach, 
placed  to  the  right  of  the  paunch,  is  much  smaller,  and  i* 
known  as  the  "reticulum"  or  "  honeycomb  -  bag "  (h).    Its 
inner  surface  is  reticulated,  or  is  divided  by  ridges  into  a 
number  of  hexagonal  or  many-sided  cells,  somewhat  resem- 
bling the  cells  of  a  honeycomb.     The  reticulum  is  small  and 
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globular,  and  it  receives  the  food  after  it  has  lain  a  sufficient 
time  in  the  paunch.    The  function  of  the  reticulum,  as  usually 


Fig.  361.— Stomach  of  a  Sheep :  o  Gullet ;  r  Rumen  or  Paunch  ;  h  Honeycomb-bag  or 
Reticulum;  p  Manyplies  or  Psalterium;  a  Fourth  Stomach  or  Abcmcuum. 

believed,  is  to  compress  the  partially-masticated  food  into 
little  balls  or  pellets,  which  are  then  returned  to  the  mouth  by 
a  reversed  action  of  the  muscles  of  the  oesophagus ;  but  this 
is  now  discredited.  After  having  been  thoroughly  chewed  and 
prepared  for  digestion,  the  food  is  swallowed  for  the  second 
time.  On  this  occasion,  however,  the  triturated  food  passes 
on  into  the  third  cavity  (/),  which  is  variously  known  as  the 
"psalterium,"  "omasum,"  or  {Scottid)  the  "manyplies."  The 
vernacular  and  the  first  of  these  technical  names  both  refer  to 
the  fact  that  the  inner  lining  of  this  cavity  is  thrown  into  a 
number  of  longitudinal  folds,  which  are  so  close  as  to  resemble 
the  leaves  of  a  book.  The  psalterium  opens  by  a  wide  aper- 
ture into  the  fourth  and  last  cavity,  the  "abomasum"  (j),  both 
appearing  to  be  divisions  of  the  pyloric  portion  of  the  stomach. 
The  mucous  membrane  of  the  abomasum  is  thrown  into  a  fe>v 
longitudinal  folds,  and  it  secretes  the  true  acid  gastric  juice. 
It  terminates,  of  course,  in  the  commencement  of  the  small 
intestine — />.,  the  duodenum.  The  intestinal  canal  of  Rumi- 
nants, as  in  most  animals  which  live  exclusively  upon  a  vege- 
table diet,  is  of  great  relative  length. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  great  and  as  distinctive  as  those  to  be  derived  from  the 
digestive  system.  In  the  typical  Ruminants  (^.^.,  Oxen,  Sheep, 
Antelopes)  there  are  no  incisor  teeth  in  the  upper  jaw,  their 
place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  362).  There  are  also 
no  upper  canine  teeth,  and  the  only  teeth  in  the  upper  jaw 
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are  six  grinders  on  each  side.    Id  the  front  of  the  lower  jaw  U 
a  contiouous  and  uninterrupted  series  of  eight  teeth,  of  which 
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the  central  six  are  incisors,  and  the  two  outer  ones  are  regarded 
by  Owen  as  being  canines.  Upon  this  view,  canine  teeth  are 
present  in  the  lower  jaw  of  the  typical  Ruminants,  and  the>* 
are  only  remarkable  for  being  placed  in  the  same  series  as  the 
incisors,  which  they  altogether  resemble  in  shape,  size,  and 
direction.  Behind  this  continuous  scries  of  eight  teeth  in  the 
lower  jaw,  there  is  a  vacant  space,  which  is  followed  behind 
by  six  grinders  on  each  side.  The  premolars  and  molars  have 
their  grin  ding-surfaces  marked  with  two  double  crescents,  the 
convexities  of  which  are  turned  inwards  in  the  upper,  and  out- 
wards in  the  lower  teeth. 
The  dental  formula,  then,  for  a  typical  Ruminant  animal,  Is— 


3—3 


■--";p. 


3—3. 
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The  departures  from  this  typical  formula  occur  in  the  Camdid-!. 
the  TraguUda,  and  in  some  of  the  Deer.  Most  of  the  Deer 
conform  in  their  dentition  to  the  above  formula,  but  a  fev 
forms  (e^.,  the  Muntjak)  have  canine  teeth  in  the  upper  ji». 
These  upper  canines,  however,  are  mostly  confined  to  the 
males ;  and  if  they  occur  in  the  females,  they  are  of  a  snuB 
size.    The  dentition  of  the  Canulida  (Camels  and  Llamas)  i* 
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siill  more  aberrant,  there  being  two  canine-like  upper  incisors 
and  upper  canines  as  well.  The  lower  canines  also  are  more 
pointed  and  stand  more  erect  than  the  lower  incisors,  and 
slightly  separated  from  them,  so  that  they  are  easily  recog- 
nisable. The  group  of  the  Ruminantia  includes  the  families 
of  the  Camelida  (Camels  and  Llamas),  the  Tragulida  (Chevro- 
tains),  the  Ctrvidm  (Deer),  the  Camelopardatidte  (Giraffe),  and 
the  Cavicornia  (Oxen,  Sheep,  Goats,  Antelopes). 

a.  Camelidce  (ly/opeda).— The  Camels  and  Llamas  constitute 
in  many  respects  an  aberrant  group  of  the  Ruminanlia,  espe- 
cially as  regards  their  dentition  and  the  conformation  of  the 
feet.     The  upper  jaw  (fig,  363)  carries  three  teeth  on  each 
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side  in  front,  separated  by  slight  intervals.  The  most  anterior 
of  these  is  a  conical  incisor ;  the  central  one  is  a  canine,  and 
the  hindmost  is  the  first  prsemolar,  which  is  separated  by  a 
wide  gap  from  the  rest  of  the  molar  series,  and  is  pointed  in 
form.  In  the  lower  jaw  there  is  also  a  canine,  placed  a  little 
behind  the  incisors,  and  a  detached  laniariform  premolar  (the 
latter  sometimes  absent).  In  the  Llamas  these  isolated  prse- 
molars  do  not  exist  Each  foot  terminates  in  two  toes,  which 
are  provided  with  imperfect  nail-like  hoofs,  covering  no  more 
than  the  upper  surface  of  each  toe.  The  two  hinder  toes,  which 
are  mostly  present  in  the  Ruminants,  are  here  altogether  want- 
ing, and  the  animal  walks  upon  the  hinder  surfaces  of  the  toes, 
which  are  directed  downwards,  and  are  protected  by  pads  of 
callous  homy  integument.  As  regards  their  further  charac- 
ters, the  bead  of  all  the  Camtlida  is  destitute  of  horns  in  both 
Kxes  J  the  nostrils  can  be  closed  at  the  will  of  the  animal ; 
the  upper  lip  is  hairy  and  partially  cleft ;  and  the  red  blood- 
corpuscles  are  ovaL 
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The  family  of  the  Camelida  is  represented  in  the  Old  World 
by  the  Camels  (Camelus\  and  in  South  America  by  the  Llamas 
and  Alpacas  {Auchenia).  There  is  also  an  extensive  series  ot 
Tertiary  forms,  one  of  which  (viz.,  Proiolabis)  is  specially  in- 
teresting as  possessing  the  full  number  of  upper  incisors,  namely 
three  on  each  side  of  the  jaw. 

The  true  Camels  are  peculiar  to  Asia  and  Africa,  and  two  species  are 
known,  distinguished  from  one  another  by  the  possession  of  a  double  or 
single  adipose  hump  on  the  back.  The  African  or  Arabian  Camel  {Camthu 
Dromedarius)  is  often  called  the  Dromedary,  and  has  only  one  hump  on 
its  back.  The  two  toes  are  united  together  by  the  callous  sole  ;  and  the 
chest,  shoulders,  and  knees  are  furnished  with  callous  pads,  upon  which 
they  rest  when  they  lie  down.  The  hump  is  almost  entirely  composed  of 
fat,  and  appears  to  act  as  a  kind  of  reserve  supply  of  food,  as  it  is  noticed 
to  diminish  much  in  size  upon  long  journeys.  The  Camel  can  likewise 
support  a  very  prolonged  privation  of  water,  as  the  paunch  is  furnished 
with  laree  cells,  which  the  animal  fills  when  it  has  access  to  water,  and 
then  makes  use  of  subsequently  as  occasion  may  require.  The  stnictoie 
of  the  Camel  adapts  it  admirably  for  locomotion  in  the  sandy  deserts  of 
Arabia  and  Africa ;  and  as  it  is  very  docile  and  good  -  tempered,  it  is 
almost  exclusively  employed  as  a  beast  of  burden  in  the  countries  in  which 
it  occurs. 

The  Bactrian  Camel  (C  Bactrianus)  is  distinguished  by  the  possession  of 
two  humps ;  but  in  other  respects  it  does  not  differ  from  the  Dromedary. 
It  is  found  in  Turkestan,  Persia,  Mongolia,  and  Thil)et.  The  two  specie^ 
are  said  to  breed  together,  and  the  hybrid  offspring  is  stated  to  be  occa- 
sionally fertile.  The  place  of  the  Camels  is  taken  in  the  New  World  by 
the  Llama  and  Alpaca,  with  two  other  nearly-allied  forms.  These  aninuii 
form  the  genus  Auchetiia^  and  are  in  many  respects  similar  to  the  tnie 
Camels.  They  are  distinguished,  however,  by  having  no  hump  upon  the 
back,  and  by  the  fact  that  the  two  toes  are  not  conjoined  and  supported  bj- 
a  callous  pad,  as  in  the  Camels,  but  are  separate,  with  se^-xirate  pa<ls,  and  with 
strong  curved  nails.  The  neck  is  long  and  the  head  comparatively  small, 
whilst  the  upper  lip  is  mobile  and  deeply  cleft  vertically.  Tlie  Llamas  are 
chiefly  found  in  Peru  and  Chili.  They  live  in  flocks  in  mountainous 
regions,  and  are  much  smaller  than  the  Camels  in  size.  The  true  Llama  is 
kept  as  a  domesticated  animal,  and  used  as  a  beast  of  burden,  its  wild  fonn 
being  known  as  the  "Guanaco."  The  Alpaca  is  still  smaller  than  the 
Llama,  and  is  not  very  unlike  a  sheep,  having  a  long  woolly  coat.  It  i> 
partially  domesticated,  and  the  wool  is  largely  imported  into  Europe.  It> 
wild  form  is  the  so-called  "  Vicuna." 

h,  TragulidcE. — This  group  comprises  certain  small  Rumi- 
nants, the  so-called  "  Chevrotains ''  {Tragtiius)^  which  have  been 
generally  associated  with  the  tnie  Musk-deer  {Afoschus)  in  a 
single  family,  under  the  name  of  Moschida,  The  researches 
of  Milne -Edwards  and  Flower,  however,  would  prove  that 
Moschiis  itself  is  really  one  of  the  Ccrvidce  or  Deer  proper,  and 
that  the  Chevrotains  form  a  group  by  themselves. 

The  Traguluia  are  characterised  by  the  total  absence  of 
horns  in  both  sexes,  and  by  the  presence  of  canines  in  both 
jaws,  those  in  the  upper  jaw  being  in  the  form  of  tusks  in  the 
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males,  but  much  smaller  In  the  females.  The  third  stomach, 
or  "  psalterium,"  is  wanting,  and  the  placenta  is  difhise.  Ilie 
feet   have  supplementary  toes,  and    the    metacarpals  of  the 

middle  and  ring  digits  either  unite  in  late  life  to  form  a  canon- 
bone,  or  remain  (as  in  Hyomosckus)  permanently  separate. 

The  family  includes  at  the  present  day  only  the  Hyomosekus 
of  Western  Africa,  and  some  four  or  five  species  of  Tragulus 
from  the  Indian  province.  The  best  known  are  the  Tra- 
guius  Javanicus,  or  "  Napu"  of  Java,  and  the  T.  maninna  of 
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India.     They  are  all  very  small  elegant  animals,  and,  though 
commonly  called  "  Musk-deer,"  they  have  no  musk-glanil, 

c,  Cervidte. — This  family  is  of  much  greater  importance  than 
that  of  the  Tragulida,  including  as  it  does  all  the  true  Deer. 
They  are  distinguished  from  the  other  Ruminants  chiefly  by 
the  nature  of  tlie  horns,  which  are  wanting  in  the  genera  Afos- 
ekits,  HydropoUs,  and  Lophotragus.  With  the  single  exception 
of  the  Reindeer,  these  appendages  are  confined  to  Che  males 
amongst  the  Cervida,  and  do  not  occur  in  the  females.  They 
do  not  consist,  as  in  the  succeeding  group,  of  a  hollow  sheath 
of  horn  surrounding  a  central  bony  core,  nor  are  ihey  perma- 
nently retained  by  the  animal.  On  the  other  hand,  the  horns 
— or,  as  they  are  more  properly  called,  the  antlers^oi  the 
Cervida  are  deciduous,  and  are  solid.  They  are  bony  through- 
out, and  are  usually  more  or  less  branched  (fig.  365),  and  they 
are  annually  shed  and  annually  reproduced  at  the  breeding 
season.  They  increase  in  size  and  in  the  number  of  branches 
every  time  they  are  reproduced,  until  in  the  old  males  they 
may  attain  an  enormous  size.  The  first  time  they  are  pro- 
duced, the  horns  are  in  the  form  of  simple  cylindrical  shafts ; 
the  second  year's  horns  have  one  or  two  "tynes,"  and  so  on. 
The  antlers  are  carried  upon  the  frontal  bone,  and  are  produced 
by  a  process  not  at  all  unlike  that  by  which  injuries  of  osseous 
Uructurcs  are  made  good  in  man.    At  first  the  antlers  are 
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covered  with  a  sensitive  hairy  skin ;  biit  as  derelopment  pro- 
ceeds, the  vessels  of  the  skin  are  gradually  oblitented,  and 
the  skin  dies  and  peels  oif.     In  all  the  Deer  there  is  a  sria- 
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ceoiis  gland,  called  the  "  lachrymal  sinus,"  or  "  larmier,"  which 
is  placed  beneath  each  eye,  and  secretes  a  strongly-smelling 
waxy  substance. 

The  Cen-idic  are  very  generally  distributed,  but  no  member 
of  the  group  has  hitherto  been  discovered  in  cither  Australij 
or  South  Africa,  their  place  in  the  latter  continent  seeming  to 
be  taken  by  the  nearly-allied  Antelopes  (distinguished  by  iheir 
hollow  horns).  Africa,  in  fact,  has  no  Deer  except  the  Barbaiy 
Deer  alone,  and  this  occurs  north  of  the  Sahara  only. 

Very  many  species  of  Cri'iJ-e  are  known,  and  it  is  nol  possible  loallmlc 
to  mote  than  a  few  of  Ihe  more  familiar  and  important  rorms.  Three  sprtifi 
occur  in  Britain —namely,  the  Roebucit,  Red-deer,  and  Fallow^letr,  ihe 
last  being  a  doubtful  nalirc.  The  Roebuck  (Cafreflus  rafirati)  was  oiii:« 
very  [^nerally  disliiliuled  over  Britain,  but  is  almost  confined  lo  theiriUcr 
parts  of  Scotland  at  Ihe  present  day.  It  is  of  small  size,  and  the  honi« 
(fig.  365)  are  without  brow-lynes,  and  are  of  small  size,  with  three  lenniul 
branches.  The  Retl-deer  or  Slag  (Ctn-ui  I'lapiiis)  is  a  much  laij^r  species 
with  well-devclopeii  spreading  antlers.  The  Red-deer  of  Uriiain  i>  nytt- 
senteil  in  North  America  by  a  still  larger  species,  known  as  the  Wipdi 
{Ctrrut  CanaJiHsii). 

The  third  British  sjiecies  is  the  Fallow-deer  {Dama  flatYC/rQi\,  cbaiM- 
terised  by  the  fact  ibat  the  anilers  are  palmiled— that  is,  dilated  lomirili 
their  extremities.  It  is  a  doubtful  native,  and  is  never  found  in  a  viM 
state  at  Ihe  present  day.  Allied  to  the  Fallow-deer  is  a  (ngm'i'^  ritiscl 
species,  the  A/{j,'afrroi //ifvrmi-iti,  wh'Kh  inhabited  Ireland,  the  Isle  of. Mm. 
Scotland,  and  probably  the  i;reater  part  of  Knrope,  up  to  a  companlivdj 
moilem  dale,  probably  having  survived  into  the  human  period.    It  isofioi. 

v...  : cctly.  spolten  of  as  the  Irish  "Elk,"  but  it  is  really  ■  gniaiM 

"""■"'  ■'  '   size,  and  was  lucni^iea  with  enor- 
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;oas  spreading  and  palmate  antlers,  which  measure  from  ten  to  twelve 
«t  between  the  tips. 

Of  all  the  Deer,  the  largest  living  form  is  the  true  Elk  (Alces  palmatus\ 
hich  is  generally  distributed  over  the  northern  parts  of  Europe,  Asia,  and 
^merica,  being  often  spoken  of  as  the  Moose.  The  antlers  in  the  Elk  are 
f  a  very  large  size,  and  are  very  broad,  terminating  in  a  series  of  points 
long  their  outer  edges. 

The  only  completely  domesticated  member  of  the  Cervida  is  the  Rein- 
eer  (Cervus  tarandtis),  which  is  remarkable  for  the  fact  that  the  female  is 
imished  with  antlers  similar  to,  but  smaller  than,  those  of  the  males.  At 
Fie  present  day  the  Reindeer  (if  the  Caribou  be  regarded  as  distinct)  is  exclu- 
ively  confined  to  the  extreme  north  of  Europe  and  Asia,  abounding  especially 
1  Lapland.  Remains,  however,  of  the  Reindeer  arc  known  to  occur  over 
he  greater  part  of  Europe,  extending  as  far  south,  at  any  rate,  as  the  Alps, 
nd  occurring  also  in  Britain.  From  this  fact,  taken  along  with  many 
tthers,  the  existence  of  an  extremely  cold  climate  over  the  greater  part  of 
Curope  at  a  comparatively  recent  period  may  be  safely  inferred.  The 
Reindeer  lives  chiefly  upon  moss  and  a  peculiar  kind  of  lichen  {Ltchtn 
angiferina),  and  they  are  extensively  used  by  the  Laplanders  both  as 
leasts  of  burden  and  as  supplying  food.  The  **  Caribou  "  of  North  Ame- 
ica,  if  not  absolutely  identical  with  the  Reindeer,  would  seem  to  be  at 
Qost  a  well-marked  variety  of  it. 

The  so-called  "  Brockets,"  such  as  the  "Guazu-pita  {Subulo  ntfits)  of 
Jonth  America,  have  simple  horns  in  the  form  of  a  stiletto ;  whilst  the 
ingular  Muntjak  of  Java  has  the  horns  supported  on  long  bony  pedicles 
pringing  from  the  frontal  bone ;  and  the  males  have  large  upper  canines. 

The  true  Musk-deer  [Moschus  moschifertts)  possesses  no  horns,  and  the 
oales  have  a  musk-gland.  There  are  canine  teeth  in  both  jaws,  and  the 
tpper  canines  of  the  males  have  the  form  of  long  tusks.  The  Musk-deer 
ire  elegant  little  animals,  which  agree  with  the  typical  Deer  in  the  fact 
hat  they  have  spotted  young,  and  that  the  placenta  is  cotyledonary,  whilst 
hey  depart  from  the  ordinary  cervine  type  in  the  absence  of  antlers.  They 
ohabit  Central  Asia. 

The  curious  Water-deer  {Hydropofes)  of  China  is  related  to  Moschus^ 
nd  also  has  no  horns.  Another  curious  Chinese  form  is  the  ElaphuruSy 
fi  which  there  is  a  long  tufted  tail,  and  the  antlers,  in  place  of  an  anterior 
osal  branch,  possess  a  long  posterior  branch,  the  end  of  which  is  dilated 
nd  prolonged  into  several  short  points. 

d,  Camelopardaiidce, — This  family  includes  only  a  single 
[ving  animal — the  Camelopardalis  Giraffa,  or  Giraffe — some- 
imes  called  the  Camelopard,  from  the  fact  that  the  skin  is 
potted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
jives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
ipper  canines  in  the  Giraffe,  and  both  sexes  possess  two  small 
'rental  horns,  which,  however,  are  persistent,  and  remain  per- 
nanently  covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
itiif  bristles.  These  are  not  mere  out-growths  of  the  frontals, 
)Ut  are  independent  ossifications  placed  on  the  sutures  between 
he  frontal  and  parietal  bones.  There  is  also  a  central  horn, 
f  it  may  be  so  called,  which  is  of  the  nature  of  an  epiphysis, 
md  is  placed  upon  the  sagittal  suture.  It  becomes  early  an- 
:hylosed  with  the  skull,  as  do  ultimately  the  other  two  horns. 


682  MANUAL  OF  ZOOLOGY. 

The  neck  is  of  extraordinary  length,  but,  nevertheless,  consists 
of  no  more  than  the  normal  seven  cervical  vertebrae.  The  fore- 
legs appear  to  be  much  longer  than  the  hind-legs,  and  all  are 
terminated  by  two  toes  each,  the  supplementary  toes  being 
altogether  wanting.  The  tongue  is  very  long  and  mo\-able, 
and  is  employed  in  stripping  leaves  off  the  trees.  The  Giraffe 
is  the  largest  of  all  the  Ruminants,  measuring  as  much  as  from 
fifteen  to  eighteen  feet  in  height  It  is  a  hannless  and  inoffen- 
sive animal,  but  defends  itself  very  effectually,  if  attacked,  by 
kicking.  It  is  found  in  Nubia,  Abyssinia,  and  the  Cape  of 
Good  Hope. 

Remains  of  gigantic  Ruminants  allied  to  the  Giraffe  have 
been  found  in  France  and  Greece  (Helladotherium) ;  but  the 
Sivatherium^  sometimes  referred  to  this  family,  appears  to  have 
been  more  nearly  allied  to  the  true  Antelopes. 

e,  Cavicornia, — The  last  family  of  the  Ruminants  is  that  of 
the  Cavicornia^  comprising  the  Oxen,  Sheep,  Goats,  and  An- 
telopes. This  family  includes  the  most  typical  Ruminants, 
and  those  of  most  importance  to  man.  The  upjyer  jaw  in  all 
the  Cavicomia  is  wholly  destitute  of  incisors  and  canines,  the 
place  of  which  is  taken  by  the  hardened  gum,  against  which 
the  lower  incisors  bite.  There  are  six  incisors  and  two  canines 
in  the  lower  jaw,  placed  in  a  continuous  series,  and  the  molars 
are  separated  by  a  wide  gap  from  the  canines.  There  are  six 
molars  on  each  side  of  each  jaw.  Both  sexes  have  horns,  or 
the  males  only  may  be  homed,  but  in  either  case  these  append- 
ages are  very  different  to  the  "  antlers  "  of  the  Cen-idtz,  The 
horns,  namely,  are  persistent,  instead  of  being  deciduous,  and 
each  consists  of  a  bony  process  of  the  frontal  bone — or  "hom- 
core" — covered  by  a  sheath  of  horn.  In  the  Prong-buck 
{Afitiiociipra)j  however,  the  sheath  of  the  horn  is  shed  annually. 
The  feet  are  cleft,  but  are  mostly  furnished  with  accessor)' 
hoofs  placed  on  the  back  of  the  foot 

The  Cavicomia  comprise  the  three  families  of  the  AntUopida. 
(k'idce^  and  Bovidce,  The  Antelopes  form  an  extremely  large 
section,  with  very  many  species.  They  are  characterised  by 
their  slender  deer-like  form,  their  long  and  slender  legs,  and 
their  simple  cylindrical  annulated  or  twisted  horns,  which  are 
sometimes  confined  to  the  males,  but  often  occur  in  the  females 
as  well  (fig.  366).  Accessory  hoofs  are  generally,  but  not 
always,  present.  The  Antelopes  must  on  no  account  be  con- 
founded with  the  true  Deer,  to  which  they  present  many  points 
of  similarity.  The  structure  of  the  horns,  however,  is  quite 
sufficient  to  distinguish  them.  The  Antelopes  are  further  dis- 
tinguished by  rarely  having  a  beard  or  dew-lap,  and  by  the 
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general  possession  of  "inguinal  porcs"and  "lachiymal  sinuses." 
The  inguinal  pores  are  the  apertures  of  two  involutions  of  the 


Fig.  366. -H:; 


integument  of  the  groin,  secreting  a  viscous  substance,  the  use 
of  which  is  unknown.  The  lachrymal  sinuses,  or  "  tear-pits," 
have  already  been  mentioned  as  occurring  in  the  Cerviiia,  and 
are  not  found  in  any  of  the  Cai'icomia  except  the  Antelopes. 
Each  consists  of  a  sebaceous  sac  placed  beneath  the  eye,  and 
secreting  a  yellowish  waxy  substance.  The  function  of  these 
glands  is  uncertain,  but  it  is  probably  sexual.  The  Antelopes 
are  especially  numerous,  both  in  individuals  and  in  species,  in 
Africa,  in  which  country  they  appear  to  take  the  place  of  the 
true  Deer  (only  one  species  of  Deer  being  indigenous  to  Africa). 
Amongst  the  better-known  African  species  of  Antelopes  are  the 
Springbok,  Hartebeest,  Gnu,  Eland,  and  Gazelle.  The  only 
European  Antelopes  are  the  Chamois  {RupUapra  tragus),  which 
inhabits  the  Alps  and  other  mountain -ranges  of  soulhem  Europe, 
and  the  Saiga  of  eastern  Europe.  Amongst  the  more  remark- 
able Antelopes  may  be  mentioned  the  Prong-buck  {Antilo- 
eafra  Amtricana)  of  N.  America,  in  which  there  are  no  acces- 
sory hoofs,  lachrymal  sinuses,  or  inguinal  pores ;  the  females 
have  very  small  boms,  and  the  horns  of  the  male  have  a  snag 
or  branch  in  front.  The  hom-core,  however,  is  conical,  and 
does  not  extend  above  the  snag.  The  horns  are  also  very  re- 
markable for  the  fact  that  their  sheath  is  annually  shed,  and 
annually  reproduced.  Another  curious  form  is  the  Chickara 
(A.  quadrieornis)  of  India,  in  which  the  females  are  hornless, 
but  the  males  have  four  horns. 

The  Sheep  and  Goats  iflvida)  have  mostly  horns  in  both 
sexes,  and  the  horns  are  generally  curved,  compressed,  and 
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turned  more  or  less  backwards.  The  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes.  In  the 
true  Goats  {Capra)  both  sexes  have  horns,  and  there  are  no 
lachrymal  sinuses.  The  throat  is  furnished  with  long  hair, 
forming  a  beard ;  and  this  appendage  is  usually  present  in  both 
sexes,  though  sometimes  in  the  males  only.  The  goats  live 
in  herds,  usually  in  mountainous  and  rugged  districts.  The 
domestic  Goat  (Capra  hircus)  is  generally  believed  to  be  a 
descendant  of  a  species  which  occurs  in  a  wild  state  in  Persia 
and  in  the  Caucasus  (the  "  Paseng,"  or  Capra  iegagms).  The 
true  Sheep  {Ovis)  are  destitute  of  a  beard,  and  the  horns  are 
generally  twisted  into  a  spiral  Horns  may  be  present  in 
both  sexes,  or  in  the  males  only.*  Lachrymal  sinuses  are  in- 
variably absent. 

Numerous  varieties  of  the  domestic  sheep  {OtHs  aries)  are  known,  bat  it 
is  not  certainly  known  from  what  wild  species  these  were  originally  derived. 
Some,  at  any  rate,  of  the  domesticated  oreeds,  more  especially  the  smaller 
short-tailed  breeds,  with  crescent  -  shaped  horns,  appear  to  be  desoeDded 
from  the  wild  species  known  as  the  **  Moufflon,"  which  is  found  in  Conica 
and  Sardinia.  The  Merino  Sheep  (a  Spanish  breed)  and  the  Thibet  Sheep 
are  particularly  celebrated  for  their  long  and  fine  wool.  With  the  excep- 
tion of  one  species  (the  Big-horn,  Ovis  mon/ana),  all  the  Sheep  appear  to 
be  originally  natives  of  the  Old  World.  The  Big-horn,  however,  mhabits 
the  Rocky  Mountains  from  their  termination  in  latitude  68*  to  40*. 

The  true  Oxen  {Baz'idce)  are  distinguished  by  having  simply 
rounded  horns,  which  are  not  twisted  in  a  spiral  manner. 
There  are  no  lachrymal  sinuses.  Most  of  the  oxen  admit  of 
being  more  or  less  completely  domesticated,  and  some  of  them 
are  amongst  the  most  useful  of  animals,  both  as  beasts  of 
burden  and  as  supplying  food. 

The  parent  stock  of  our  numerous  breeds  of  cattle  is  not  known  with 
absolute  certainty ;  the  nearest  approach  to  British  Wild  Cattle  being  » 
celebrated  breed  which  is  still  preserved  in  one  or  two  places.  Tb«« 
**  Chillingham  Cattle"  are  a  fine  wild  breed,  which  at  one  time  doubtlfrs 
existed  over  a  considerable  part  of  Britain.  They  are  pure  white,  with  » 
black  muzzle,  the  horns  white,  tipped  with  black.  Though  degenerate  in 
point  of  size,  the  Chillingham  Cattle  are  doubtless  the  descendants  of  the 
**  mountain-bull"  or  **  Urus,"  which  existed  in  a  wild  state  in  Gaul  at  the 
time  of  Caesar's  invasion.  The  smaller  breeds  of  European  Cattle  appc^ur 
to  be  descended  from  a  now  extinct  species,  the  "British  Short-llo!ra " 
{Bos  longifrons).  Another  large  Ox,  which  formerly  existed  in  Britain, 
and  abounded  over  the  whole  of  Europe,  is  the  Aurochs  or  LithuamJn 
Bison  {Bos  bison).  The  Aurochs  is  of  very  large  size,  considcraWr 
exceeding  the  common  Ox  in  bulk.  It  still  occurs  in  the  forests  of  tlK 
Caucasus  in  a  wild  state,  but  it  no  longer  occurs  wild  in  Europe,  if  ff 
except  a  herd  maintained  by  the  Czar  in  one  of  the  forests  of  Lilhnanis. 


*  In  the  Merino  Sheep,  and  in  some  other  breeds  also,  the  males  oolr 
are  horned. 
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ly  allied  to  the  Aurochs  is  the  American  Bison  or  Buffalo  {Bison 
'icanus).  This  species  formerly  occurred  in  innumerable  herds  in  the 
ies  of  North  America,  but  it  has  been  gradually  driven  westwards, 
has  been  much  reduced  in  numbers.  It  has  an  enormous  head,  a 
rj  mane,  and  a  conical  hump  between  the  shoulders.  Two  other 
well  known  forms  are  the  Cape  Buffalo  {Bubaius  Coffer)  and  the 
aon  Buffalo  {Bubaius  bubalis).  The  former  of  these  occurs,  with  two 
I  forms,  in  southern  and  eastern  Africa,  and  the  latter  is  domesticated 
idia  and  in  many  parts  of  the  south  of  Asia.  The  horns  in  both 
es  are  of  large  size,  and  their  bases  are  confluent,  so  that  tlie  forehead 
itected  by  a  bony  plate  of  considerable  thickness. 
Dongst  the  more  remarkable  Asiatic  Oxen  may  be  mentioned  the  Zebu 
Indicus)  distinguished  by  the  fatty  hump  over  the  withers  at  the  back 
e  neck|,and  the  Yak  {Poephagus  grunniens)  of  Thibet,  remarkable  for 
ng  silky  tail.  The  **  humped  "  Cattle  of  the  East  are  almost  certainly 
■nded  from  a  stock  different  to  that  which  has  given  origin  to  the 
pless  races.  They  are  known  from  Egyptian  monuments  to  have  been 
»ticated  at  an  extremely  early  period ;  but  their  wild  form  is  un- 
m. 

le  last  of  the  Oxen  which  deserves  notice  is  the  curious  Musk-ox 
has'  moschatus).  This  singular  animal  is  at  the  present  day  a  native  of 
ic  America,  and  is  remarkable  for  the  great  length  of  the  hair.  It  is 
d  the  Musk-ox,  because  it  gives  out  a  musky  odour.  Like  the  Rein- 
,  the  Musk-ox  had  formerly  a  much  wider  geographical  range  than  it 
at  present ;  the  conditions  of  climate  which  are  necessary  for  its 
ence  having  at  that  time  extended  over  a  very  much  larger  area  than 
lesent.  The  Musk-ox,  in  fact,  in  Post-tertiary  times  is  known  to  have 
ided  over  the  greater  part  of  Europe,  remains  of  it  occurring  abun- 
ly  in  certain  of  the  bone-caves  of  France.  Good  authorities  regard 
liusk-ox  as  being  a  sheep,  and  therefore  truly  referable  to  the  Ovida. 

s  regards  the  distribution  of  the  Ungulata  in  timey  the 
a:  is  not  known  to  have  commenced  its  existence  earlier 
1  the  Eocene  Tertiary ;  but  it  presented  itself  throughout 
whole  Tertiary  period  under  such  numerous  and  such 
ed  types  that  it  will  not  be  possible  in  this  place  to  do 
e  than  simply  indicate  the  geological  range  of  the  principal 
ilies. 

►f  the  Rhifwceridcey  hornless  forms  {Acerotherium)  occur  in 
cene  and  Pliocene  strata ;  but  the  best-known  fossil  species 
be  two-horned  woolly  Rhinoceros  {R,  tichorhinus).  This 
ous  species  occurs  in  Post-pliocene  deposits,  and  must  have 
jed  over  the  greater  part  of  Europe.  It  was  adapted  to  a 
perate  climate,  and,  like  the  Mammoth,  possessed  a  thick 
ering  of  mixed  wool  and  hair.  This  has  been  demonstrated 
ihe  discovery  of  a  frozen  carcass  in  Siberia.  The  curious 
08  Duxratherium^  with  its  transverse  pairs  of  horns,  is  from 
Miocene  of  North  America. 

lie  Tapirida  are  represented  in  the  Eocene  and' Miocene 
the  genus  Lophiodon.  {Coryphodon,  which  has  generally 
D  placed  here,  has  been  shown  by  Marsh  to  have  Jive  toes 
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in  the  Miocene  of  Europe ;  and  in  beds  belonging  to  the  same 
period  in  India  we  have  the  aberrant  four-homed  types  which 
constitute  the  genera  Sivatherium  and  Bramathtrium. 

True  Bavidce  occur  in  the  Miocene  of  India,  and  the  Plio- 
cene of  Europe,  whilst  Ovidce  resembling  existing  types  are  not 
known  from  deposits  earlier  than  the  Post-Pliocene. 


CHAPTER    LXXIV. 

DINOCERATA,    TILLODONTIA,    AND    TOXODONTIA. 

Order  VII.  Dinocerata. — This  order  comprises  certain 
extraordinary  extinct  Mammals  from  the  Eocene  of  North 
America,  which  are  regarded  by  Prof.  Cope  as  an  aberrant 
group  of  Ungulates y  whilst  Prof.  Marsh  considers  them  as  a 
distinct  order  intermediate  between  the  PerissodactyU  Ungulates 
and  the  Proboscidea. 

The  members  of  this  order  are  all  of  gigantic  dimensions, 
and  of  massive  construction.  The  fore-feet  possessed  five  well- 
developed  toesy  but  the  hindfeet  were  functionally  four-toed^  the 
hallux  being  rudimentary  or  small.  The  nasal  bones  were  elon- 
gatedy  and  do  not  seem  to  have  supported  a  proboscis.  The 
cranium  carries  three  pairs  of  horn-cores,  which  must  have  been 
enveloped  in  horny  sheaths.  There  are  no  upper  incisors^  and  the 
upper  canines  have  the  form  of  long  tusks  directed  do^vmvards, 
(These  characters  are  taken  from  DinoceraSy  the  best  known 
genus  of  the  group.)  The  order  is  distinguished  from  the 
Proboscidea  by  the  absence  of  upper  incisors,  the  presence  of 
canines,  the  possession  of  three  pairs  of  horn-cores,  and  the 
absence  of  a  proboscis. 

In  Dinoceras  itself,  which  may  be  taken  as  the  type  of  the 
group,  we  have  a  large  animal  equal  in  dimensions  to  the 
living  Elephants,  which  it  resembles  also  in  the  osteology  of 
its  limbs,  in  most  essential  respects.  It  is  in  the  skull 
(fig-  367)  and  dentition,  however,  that  the  most  striking  pecu- 
liarities of  Dinoceras  are  to  be  found.  As  regards  the  denti- 
tion, the  front  of  the  upper  jaw  was  destitute  of  incisors,  and 
probably  carried  a  palatine  pad,  but  there  were  two  very  large 
canines  in  the  form  of  tusks  directed  perpendicularly  down- 
wards ;  and  there  was  also  a  series  of  six  small  molars  on  each 
side.    In  the  lower  jaw  are  six  incisors,  small  canines,  and  twelve 
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pnemolars  and  molars,  six  on  each  side.    The  dent&l  fomula 
is  thus — 

Superiorly  each  maxillary  bone  carried  a  well-developed  pro- 
cess, probably  of  the  nature  of  a  horn-core.     The  nasals  sup- 


',  arter  M*nh. 


port  two  similar  but  smaller  horn-cores  ;  and  the  frontab  are 
developed  behind  into  two  larger  bony  projections  most  prob- 
ably also  of  the  nature  of  horn-cores.  The  animal  thus  pos- 
sessed three  ])airs  of  horns,  one  carried  by  the  upper  jaw- 
bones, one  by  the  nasals,  and  one  by  the  frontal  bones.  Tht 
nasal  bones  are  long,  and  there  is  no  evidence  of  any  probos- 
cis. The  limbs  are  short,  the  fore-legs  shorter  than  the  hiwJ- 
legs ;  and  the  femur  was  not  provided  with  a  third  trochanW- 
The  tail  is  short  and  slender,  and  the  ribs  are  furnished  ■i'l' 
rudimentary  uncinate  processes. 

As  regards  the  mental  powers  of  Dinoceras,  Prof.  Maish  k- 
marks  ; — "  The  brain-cavity  of  Sinoeeras  is  perhaps  the  IMS' 
remarkable  feature  in  this  remarkable  genus.  It  proves  con- 
clusively that  the  brain  was  proportionately  smaller  than  in  MJ  < 
other  known  Mammal,  recent  or  fossil,  and  even  less  thin  in 
some  reptiles.     It  is,  in  lact,  the  most  reptilian  brain  in  u? 
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known  Mammal.  In  D,  mirabile^  the  entire  brain  was  actu- 
ally so  diminutive  that  it  could  apparently  have  been  drawn 
through  the  neural  canal  of  all  the  praesacral  vertebrae,  cer- 
tainly through  the  cervicals  and  lumbars." 

The  chief  genera  which  are  included  amongst  the  Dinocerata 
by  Marsh  are  Dinoceras,  Thioceras,  and  Uintatherium^  All 
the  remains  of  this  singular  group  which  have  hitherto  been 
brought  to  light,  are  from  the  Eocene  Rocks  of  North  America. 

Order  VIII.  Tillodontia. — This  order  has  been  estab- 
lished by  Prof  Marsh  for  the  reception  of  some  singular  Mam- 
mals from  the  Eocene  Tertiary  of  the  United  States,  The 
follomng  are  the  characters  of  the  order,  so  far  as  published  : — 
The  molar  teeth  have  grinding  croums,  as  in  Ungulates ^  and  may 
have  distinct  roots,  or  may  grow  from  permanent  pulps ;  small 
canines  are  present  in  both  jaws  ;  and  each  jaw  carries  two  long 
scalpriform  incisors,  resembling  those  of  Rodaits  in  form  and  in 
growing  from  persistent  pulps.  The  feet  are  plantigrade  and 
pcntadactyle,  and  the  digits  were  apparently  unguiadate.  The 
femur  has  a  third  trochanter,  and  the  radius  and  ulna  and  tibia 
and  fibula  are  distinct  bones. 

The  order  includes  two  distinct  families — one,  the  Tillothe- 
ridce,  having  molar  teeth  with  distinct  roots ;  whilst  the  other, 
Stylinodontidce,  possessed  rootless  molars,  which  grew  from 
persistent  pulps.  All  the  known  forms  of  the  order  are  from 
the  Eocene  Tertiary,  and  the  typical  species  seem  to  have 
been  from  one-half  to  two-thirds  of  the  size  of  the  Tapir. 

The  type-genus  of  the  order  is  Tillot/ierium,  which  presents 
a  remarkable  combination  of  the  characters  of  the  Ungulata, 
Rodent ia,  and  Carnivora.  The  general  form  of  the  skeleton 
most  closely  resembles  that  of  the  Carnivores,  the  skull  being 
like  that  of  the  Bears  in  many  respects,  whilst  the  feet  are  five- 
toed,  with  the  whole  sole  applied  to  the  ground,  and  having 
ungual  phalanges  similar  to  those  of  the  Ursidce,  The  brain- 
cavity  is  of  small  size,  and  the  cerebral  hemispheres  did  not 
extend  over  the  cerebellum  or  the  olfactory  lobes.  The  orbits 
are  not  complete,  but  open  into  the  temporal  fossae.  The 
praemolars  and  molars  have  grinding  crowns,  the  canines  are  of 
small  size,  and  the  praemaxillae  carried  a  pair  of  large  scalpri- 
form incisors  (fig.  368),  which  resemble  those  of  the  Rodents  in 
having  chisel-shaped  crowns,  and  in  growing  throughout  the  life 
of  the  animal.  As  in  Rodents,  there  is  a  corresponding  pair  of 
scalpriform  incisors  in  the  lower  jaw.    The  dental  formula  is — 

I — I  I  —  I  x — x  % — x 

1 — I  '       I — I '  ^     2—2  '      3—3 

2  X 


America,  the  true  systematic 
doubtful ;  since  they  present 
Rodents,  and  the  Edentates, 
dentition  is  very  peculiar. 
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size  (fig.  369,  c)  and  are  placed  in  the  interval  between  the  in- 
cisors and  praemolars.  In  the  upper  jaw  only  the  sockets  for 
the  canines  are  left.  There  are  four  upper  and  six  lower 
incisors,  which  are  separated  by  a  wide  diastema  from  the 
praemolars.     The  dental  formula  is — 

.  2 — 2         o — o     .     4 — 4         7. — 7,       o 
I    •    c :  pm  ^ — ?  :  m  ^ — ^  =  38. 

3—3         I— I  3—3         3—3 

There  is  no  third  trochanter  to  the  femur,  but  the  structure 
of  the  manus  and  pes  is  quite  unknown. 

The  only  known  genera  are  Toxodon  and  Nesodon, 


CHAPTER   LXXV. 

HYRACOIDEA  AND  PROBOSCIDEA, 

Order  X.  Hyracoidea.  —  This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
three  little  animals,  which  make  up  the  single  genus  Hyrax, 
These  have  been  usually  placed  in  the  immediate  neighbour- 
hood of  the  Rhinoceros,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
the  Perissodactyle  Ungulates. 

The  order  is  distinguished  by  the  following  characters : — 
There  are  no  canine  teethy  and  the  incisors  of  the  upper  jaw  are 
lofig  and  airved,  and  gr&iu  from  permanent  pulps,  as  they  do  in 
the  Rodents  (such  as  the  Beaver,  Rat,  &c.).  The  molar  teeth  are 
singularly  like  those  of  the  Rhinoceros,  According  to  Huxley, 
the  dental  formula  of  the  aged  animal  is — 

.  2 — 2         o — o     ,     4 — 4         X — X       c. 
t  :    c :  pm  -i — -^ :  m  ^ — ^  =  36. 

2—2         0—0  4—4         3—3 

The  forefeet  are  tetradactylous,  the  hind  feet  tridactylous,  and  all 
the  toes  have  rounded  hoof  like  nails,  7vith  the  exception  of  the 
inner  toes  of  the  hindfeety  which  have  an  obliquely  airved  nail. 
There  are  no  clavicles.  The  nose  and  ears  are  short,  and  the 
tail  is  represented  by  a  mere  tubercle.  The  placenta  isdeciduate 
and  zonary,  whereas  in  the  Ungulates  it  is  non-deciduate. 

Several  species  of  Hyrax  are  known,  but  they  resemble  one 
another  in  all  essential  particulars,  and,  with  the  exception  of 
H,  Syriacusy  they  are  exclusively  confined  to  Africa,  They 
are  all  gregarious  little  animals,  living  in  holes  of  the  rocks, 
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and  capable  of  domestication.     Some  forms  {Dmdrekyras) 
are  arboreal  in  their  habits.    The  "  coney "  of  Scriptuie  is 


believed  to  be  the  Hyrax  Syriacm,  which  occurs  in  the  rocky 
p:irts  of  Syria  and  Palestine.  Another  species — the  HyrM 
Capensis,  or  "Kiipdas"  ("badger  of  the  cUffs  ")— occurs  com 
monly  in  Soulh  Africa,  and  is  knoivn  by  the  colonists  as  the 
"  badger." 

No  fossil  remains  have  as  yet  been  discovered  which  cao 
with  certainty  be  referred  to  this  order. 

Order  XI.  Prohoscidea. — The  eleventh  order  of  Mammals 
is  that  of  the  Proboscidea,  comprising  no  other  living  animals 
except  the  Elephants,  but  including  also  the  extinct  Afustfiiot 
and  Deinotherium. 

The  order  Is  characterised  \iy  tlu  h'lal  absence  of  canine  taik . 
the  molar  teeth  arc  few  in  number,  large,  and  irans^'ersely  riJgfi 
or  lubercuUUe ;  incisors  are  always  present,  and  grow  from  per- 
sistent pulps,  constituting  long  tusks  (fig.  371).  /a  liting  EM- 
pkants  there  are  two  of  these  task-liie  incisors  in  the  upper  jdt.: 
and  the  lower  iaii.'  is  without  incisor  teeth.  In  the  ZkinPt/uri*" 
Ihis  is  reversed,  there  being  two  tusk-like  lower  incisora  and 
no  upper  incisors.  In  the  Mastodons,  the  incisors  are  usually 
developed  in  the  upper  jaw,  and  form  tusks,  as  in  the  Ele- 
phants, but  sometimes  there  are  both  upper  and  lower  in- 
cisors, and  both  are  tusk-like.  The  nose  ts  prolonged  inU  i 
cylindrical  trunk,  movable  in  every  direction,  highly  stitsUii-e,  a^i 
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terminating  in  a  fiiigtr  ■  iike  prehensile  lobe  (fig.   371).      The 
nostrils  are  placed  at  the  extremity  of  the  proboscis.     The  feet 


T.— Skull  of  ih>  Indian  ElEphuil  (Ele/»ai  rmiicut)-.  I  Tu>k  likE  upper  in- 
;  m  Lowftr  ia.v/,  with  incilarA.  but  widwuc  inciwra;  m  Nwlrilt,  placed  ai  Iho 


are  furnished  with  five  toes  each,  but  these  are  only  partially 
indicated  externally  by  the  divisions  of  the  hoof.  The  feet  are 
furnished  with  a  thick  pad  of  integument,  forming  the  palms 
of  the  hands  and  the  soles  of  the  feet.  There  are  no  clavicles. 
The  testes  are  abdominal  throughout  life.  Tliere  are  two  teats, 
and  these  are  placed  upon  the  chest.  The  placenta  is  deciduate 
and  zonary. 

The  recent  Elephants  are  exclusively  confined  to  the  tropical 
regions  of  the  Old  World,  in  the  forests  of  which  they  live 
in  herds.  Only  two  living  species  are  known — the  Asiatic 
Elephant  {Etephas  Itidicus)  and  the  African  Elephant  {E.  Afri- 
eanus).  There  can  be  no  doubt,  however,  but  that  the  Mam- 
moth (Elephas primigenius)  existed  in  Europe  within  the  human 
period. 

In  both  the  living  Elephants  the  "  tusks  "  are  formed  by  an 
enormous  development  of  the  two  upper  incisors.  The  milk- 
tusks  are  shed  early,  and  never  attain  any  very  great  size;    The 


3,  GrindmjE  u 


jaw.  The  molar  teeth  are  of  ■ 
of  a  number  of  transverse  pla 
dentine.  In  the  Indian  Ele; 
ridges  of  enamel  are  narrow  t 
can  Elephant  they  enclose  loi 
The  Indian  Elephant  is  the 
and  domesticated,  and  as  it 
marnd  for  it  is  supplied  almO! 
wild  individuals,  which  are 
those  which  have  been  alreai 
distinguished  by  its  concavf 
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there  is  too  much  reason  to  believe  that  the  pursuit  will  ulti- 
mately end  in  the  destruction  of  these  fine  animals.  A  great 
deal,  however,  of  ihe  ivory  of  commerce  comes  from  Siberia, 
and  is  really  derived  from  the  tusks  of  the  now  extinct  Mam- 
moth, which  formerly  inhabited  the  north  of  Asia  in  great 
numbers. 

The  Elephants  are  all  phytophagous,  living  entirely  on  the 
foliage  of  shrubs  and  trees,  and  other  vegeUble  matters,  which 
they  strip  off  by  means  of  the  prehensile  trunk.  As  the  tusks 
prevent  the  animal  from  drinking  in  the  ordinary  manner,  the 
water  is  sucked  up  by  the  trunk,  which  is  then  inserted  into 
the  mouth,  into  which  it  empties  its  contents. 

Closely  allied  to  the  true  Elephants  are  the  Mastodons, 
characterised  by  the  fact  that  the  crowns  of  the  molar  teeth 
have  nipple-shaped  tubercles  placed  in  pairs  (fig.  373).     Gen- 


erally speaking,  the  two  upper  incisors  formed  long  curved 
tusks,  as  in  the  Elephants,  but  in  some  cases  there  were  two 
lower  incisors  as  well.  The  various  species  of  Mastodon  all 
belong  to  the  later  Tertiary  and  Post-tertiary  periods. 

The  last  of  the  Proboscidea  is  a  remarkable  extinct  animal, 
the  Dtinotherium.  This  extraordinary  animal  has  hitherto 
only  been  found  in  Miocene  deposits,  and  little  is  known  of 
it  except  its  enormous  skull.  Molars  and  premolars  were 
present  in  each  jaw,  and  the  upper  jaw  was  destitute  of  can- 
mes  and  incisors.  In  the  lower  jaw  were  two  very  large  tuak- 
like  incisors,  which  were  not  directed  forwards  as  in  the  true 
Elephants,  but  were  bent  abruptly  downwards  (fig.  374)-  The 
animal  must  have  attained  an  enormous  size,  and  it  is  probable 
that  the  curved  tusks  were  used  cither  m  digging  up  roots,  or 
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in  mooring  the  animal  to  the  banks  of  rivers,  for  it  was  prob- 
ably aquatic  or  semi -aquatic  in  its  habits.     It  is  placed  by 

De  Blainville  in  the  Strmia^  be- 
ing regarded  as  a  Dugong  with 
tusk-like  lower  incisors ;  but  this 
view  has  been  rendercii  unten- 
able by  the  discovery  of  limb- 
bones  of  a  distinctly  Proboscidean 
type. 

As  regards  the  distribution  of 
the  Proboscidea  in  time^  the  order 
came  into  existence  in  the  Mio- 
cene period,  where  it  is  repre- 
sented by  all  its  three  sections, 
DeinotheriuMy  Mastodon^  and  EU- 
phas. 

The  genus    Deifwtherium^  as 
just    mentioned,    is    exclusively 
confined  to  the  Miocene  period. 

The  genus  Mastodon  is  characteristic  in  Europe  of  the  Mio- 
cene and  Pliocene ;  but  in  North  America  it  is  represented  in 
the  Post-Pliocene,  and  it  occurs  also  in  deposits  of  the  same 
age  in  South  America. 

No  Elephant  has  yet  been  discovered  in  the  Miocene  rocks 
of  Europe,  but  six  species  are  known  from  Miocene  strata  in 
India.  In  the  Pliocene  period  Europe  possessed  its  Elephants 
(viz.,  E.  priscus  and  E.  meridionalis)  \  but  the  best  known  of 
the  extinct  Elephants,  as  well  as  the  most  modern,  is  the  Mam- 
moth {E.  primi genius,  fig.  375). 


Fig.  374. — Skull  of  DfinotJurium 
giganteunt. 


Fig.  375.— Skeleton  of  ihc  Mammoth  (Eiephat /riftHgtnitay. 

This  enormous  animal  is  now  wholly  extinct,  but  it  formerly 
abounded  in  the  northern  parts  of  Asia  and  over  the  whole 
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of  Europe.  It  occurred  also  in  Britain,  and  unquestionably 
existed  in  the  earlier  portion  of  the  human  period,  its  remains 
having  been  found  in  a  great  number  of  instances  in  connec- 
tion with  human  implements.  From  its  great  abundance  in 
Siberia,  it  might  have  been  safely  inferred  that  the  Mammoth 
was  able  to  endure  a  much  colder  climate  than  either  of  the 
living  elephants.  This  inference,  however,  has  been  rendered  a 
certainty  by  the  discovery  of  the  body  of  more  than  one  Mam- 
moth embedded  in  the  frozen  soil  of  Siberia.  These  speci- 
mens had  been  so  perfectly  preserved  that  even  microscopical 
sections  of  some  of  the  tissues  could  be  made ;  and  in  one 
case  even  the  eyes  were  preserved.  From  these  specimens  we 
know  that  the  body  of  the  Mammoth  was  covered  with  long 
woolly  hair. 


CHAPTER    LXXVI. 

CARNIVORA, 

Order  XII.  Carnivora. — The  twelfth  order  of  Mammals  is 
that  of  the  Carnivora^  comprising  the  Fera^  or  Beasts  of  Prey, 
along  with  the  old  order  of  the  Pinnipcdia^  or  Seals  and  Wal- 
ruses, these  latter  being  now  almost  universally  regarded  as 
merely  a  group  of  the  Carnivora  modified  to  lead  an  aquatic 
life. 

The  Carnivora  are  distinguished  by  always  possessing  two 
sets  of  teeth,  which  are  simply  covered  by  enamel,  and  are  always 
of  three  kinds — incisors,  canines  ^  and  molars — differing  from  one 

3 — 3 
another  in  shape  and  size.     The  incisors  are  generally  733. 

o     *) 
{except  in  some  seals);  the  canines  are  always  ^731,  ^^'^  ^""^ 

invariably  much  larger  and  longer  than  the  incisors.  The  prce- 
molars  and  molars  are  mostly  furnished  with  cutting  or  trenchant 
edges ;  but  they  graduate  from  a  cutting  to  a  tuberculate  form,  as 
the  diet  is  strictly  carnivorous,  or  becomes  more  or  less  miscellaneous. 
In  the  typical  Carnivores  (such  as  the  Lion  and  Tiger),  the  last 
tooth  but  one  in  the  upper  jaw  and  the  last  tooth  in  the  lower 
jaw  are  known  as  the  "  carnassial "  teeth,  having  a  sharp  cut- 
ting edge  adapted  for  dividing  flesh,  and  generally  a  more  or 
less  developed  tuberculated  heel  or  process.  A  varying  num- 
ber, however,  of  the  molars  and  praeraolars  may  be  "  tubercu- 


Sec'ion  I.  rinnisraJii  or  Finn. 
the  Seals  and  Walruses,  in  whic 
short,  and  are  expanded  into  bi 
{fig.  376,  B).    The  hind-feel  a 


a  a  line  with  the  axis  of  the  I 
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entirely  off  the  ground,  and  the  animal  walks  upon  the  tips  of 
the  toes  (fig.  376,  C). 

Section  I.  Pinnigrada  or  Pinnipedia. — This  section  of 
the  Carnivora  comprises  the  amphibious  Seals  and  Walruses, 
which  differ  from  the  typical  Carnivores  merely  in  points  con- 
nected with  their  semi-aquatic  mode  of  life.  The  body  in 
these  forms  is  elongated  and  somewhat  fish -like  in  shape, 
covered  with  a  short  dense  fur  or  harsh  hairs,  and  terminated 
behind  by  a  short  conical  tail.  All  the  four  limbs  are  present, 
but  are  very  short,  and  the  five  toes  of  each  foot  are  united 
together  by  the  skin,  so  that  the  feet  form  powerful  swimming- 
paddles.  The  hind-feet  are  of  large  size,  and  are  placed  far 
back,  their  axis  nearly  coinciding  with  that  of  the  body  (figs. 
376,  377).     From  this  circumstance,  and  from  the  fact  that  the 


Fig.  377.— The  Greenland  Seal  {Phoca  Cretnlatidicd), 

integument  often  extends  between  the  hind-legs  and  the  sides 
of  the  short  tail,  the  hinder  end  of  the  body  forms  an  admir- 
able swimming  apparatus,  similar  in  its  action  to  the  horizontal 
tail-fin  of  the  Cetacea  and  Sirenia,  The  tips  of  the  toes  are 
furnished  with  strong  claws,  but  the  powers  of  terrestrial  loco- 
motion are  very  limited.  On  land,  in  fact,  the  typical  Seals 
can  only  drag  themselves  along  laboriously,  chiefly  by  the  con- 
tractions of  the  abdominal  muscles.  On  the  other  hand,  the 
Eared  Seals  (Otariada)  can  use  their  hind-limbs  freely  upon 
the  land.  The  ears  are  of  small  size,  and  are  mostly  only  in- 
dicated by  small  apertures,  which  the  animal  has  the  power  of 
closing  when  under  water.  The  bones  are  light  and  spongy, 
and  beneath  the  skin  is  a  layer  of  fat  or  blubber.  The  denti- 
tion varies,  but  teeth  of  three  kinds  are  always  present,  in  the 
young  animal  at  any  rate.     The  canines  are  always  long  and 
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pointed,  and  the  molars  are  generally  furnished  with  sharp 
cutting  edges. 

The  section  Pinnigrada  includes  the  two  families  of  the 
Seals  {Phocidce)  and  Walruses  (Tricheddai), 

The  Seals  are  distinguished  by  having  incisor  teeth  in  both  jaws,  and  by 
tlie  fact  that  the  canine  teeth  are  not  disproportionately  developed.  They 
form  a  very  numerous  family,  of  which  species  are  found  in  almost  eveiy 
sea  out  of  the  limits  of  the  tropics.  They  abound,  however,  especially  in 
the  seas  of  the  Arctic  and  Antarctic  regions.  They  live  for  the  most  part 
upon  fish,  and  when  awake,  spend  the  greater  part  of  their  time  in  the 
water,  only  coming  on  land  to  bask  and  sleep  in  the  sun  and  to  sucEJe 
their  young.  They  appear  to  be  universally  polygamous.  The  body  is 
coveie  I  with  a  short  fur,  interspersed  with  long  bristly  hairs ;  and  the  lips 
are  furnished  with  long  whiskers,  which  act  as  organs  of  touch.  The  seals 
are  very  largely  captured  for  the  sake  of  their  blubber  and  skins. 

The  only  common  British  seal  is  the  Phoca  vitulina^  which  occurs  not 
uncommonly  on  the  northern  shores  of  Scotland.  It  is  yellowish-grey  io 
colour,  and  measures  from  three  to  five  feet  in  length.  Other  seals  attain 
a  much  greater  length — the  Great  Seal  measuring  from  eight  to  ten  feet, 
and  the  Bottle-nosed  Seal  reaching  a  length  of  from  twenty  to  twenty-five 
feet.  The  only  Seals  which  possess  external  ears  constitute  the  groop 
Olariadir^  and  arc  almost  exclusively  confined  to  the  seas  of  the  southern 
hemisphere. 

The  second  family  of  the  Pinnigrade  Carnivores  is  that  of  the  Tnch-:- 
cidic^  comprising  only  the  Walrus  or  Morse  {Trichecus  rosmants).  The 
chief  peculiarity  by  which  the  Walrus  is  distinguished  from  the  true  Se-U 
is  found  in  the  dentition.  According  to  Owen,  there  are  six  incisor>  in 
the  upper  jaw  and  four  in  the  lower ;  but  these  are  only  present  in  the 
young  animal,  and  soon  disappear,  with  the  exception  of  the  outerm''< 
pair  of  upper  incisors.  The  upper  canines  are  enormously  developeii, 
growing  from  persistent  pulps,  and  constituting  two  large  pointed  IUsIn 
which  attain  a  length  of  over  fifteen  inches  (fig.  378).  The  direction  (^ 
the  tusks  is  downwards  and  slightly  outwards,  and  they  project  con>i^i- 
erably  below  the  chin.  The  adult  animal  has  usually  three  simple  moUr* 
with  flat  crowns  behind  the  tusks  in  the  upper  jaw ;  and  four  similar  leeih 
on  each  side  of  the  lower  jaw  ;  but  the  first  of  these  has  been  regarded  a?  a 
lower  canine.  The  upper  lip  has  many  pellucid  bristles  as  large  as  a  stra* 
in  thickness.  In  the  adult  the  incisors  are  obsolete,  except  the  lateral 
pair  in  the  upper  jaw.     Unlike  the  Seals,  the  Walrus  is  not  polygamoas. 

Kxcept  as  regards  its  dentition,  the  Walrus  agrees  in  all  essential  r^ 
spects  with  the  Seals.  It  is  a  large  and  heavy  animal,  attaining  a  leni:th 
of  from  ten  to  fifteen  feet  or  upwards.  The  body  is  covered  with  short 
brownish  or  yellowish  hair,  and  the  face  bears  many  long  stiff  bristles. 
There  are  no  external  ears.  The  chief  use  of  the  tusk-like  canines  appears 
to  be  that  of  assisting  the  unwieldy  animal  to  get  out  of  the  water  upon 
the  ice  ;  but  they  doubtless  ser>'e  as  wea|.x)ns  of  offence  and  defence's* 
well,  and  they  are  used  for  digging  up  burrowing  shell-fish  out  of  the  san'i- 
The  Walrus  is  hunted  by  whalers,  both  for  its  blubber,  which  yicU*  sn 
excellent  oil,  and  for  the  ivory  of  the  tusks.  It  is  found,  living  in  henis 
in  the  Arctic  seas,  being  especially  abundant  at  Spitzbergen  and  No^a 
Zembla. 

Section  II.  Plantigrada. — The  Carnivorous  animals  be- 
longing to  this  section  apply  the  whole  or  the  greater  part  <i^ 
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the  sole  of  the  foot  to  the  ground  (fig,  376,  A) ;  and  the  por- 
tion of  the  sole  so  employed  is  destitute  of  hairs  in  most 


instances  (the  sole  is  hairy  in  the  Polar  Bear).  From  the 
struciure  of  the  foot,  the  Planligrada  have  great  power  of  rear- 
ing themselves  up  on  the  hind-feet.  They  approach  the  Jn- 
settivora  in  their  comparatively  slow  movements  and  their 
nocturnal  habits,  and  in  possessing  no  cfficum.  They  mostly 
hybemate,  and  their  feet  are  always  pentadactylous. 

The  typical  family  of  the  Plantigrade  Carnivora  is  that  of 
the  Ursida  or  Bears,  in  which  the  entire  sole  of  the  fool  is 
applied  to  the  ground  in  walking.  The  Ursids  are  much  less 
purely  carnivorous  than  the  majority  of  the  order,  and  in 
accordance  with  their  omnivorous  habits,  the  teeth  do  not 
exhibit  the  typical  carnivorous  characters.  The  incisors  and 
<:anines  have  the  ordinary  carnivorous  form,  but  the  "carnas- 
sial "  or  sectorial  molar  has  a  tuberculate  crown  instead  of  a 
sharp  cutting  edge.    The  dental  formula  is — 


,-  3—3 . 
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The  claws  are  formed  for  digging,  large,  strong,  and  curved, 
but  are  not  retractile.     The  tongue  is  smooth ;  the  ears  small, 


"» 
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American  .species  is  Ihe  Giiulj'  l(ear 
[he  American  conlinent.  It  is  aboul 
but  it  is  said  to  subsisl  to  a  great 
acorns.  Tht  most  remarkable,  hov 
Bear  {TAa/asiarclas  marilimut\  whi< 
regions.  It  is  a  very  large  and  powi 
white.  The  paws  are  very  long,  i 
with  coarse  hair,  giving  the  anima.' 
Polar  Bear  differs  from  the  other  U 
since  vegetable  food  would  be  gem 
home  in  the  water  as  on  land,  and 
the  carcasses  of  Cetaceans. 

Amongst  ihe  other  Bears  may  be 
of  Ihe  Malayan  Archipelago,  the  W 
India,  and  the  Spectacled  Bear  (Tr 
Andes,  the  sole  representative  of  thi 

The  family  Procyonidie  inclu 
Carnivores,  which  are  nearly  a 
(Pr-oqvn,  fig.  379)  are  natives  < 
and  have  a  decided  external  r 
have  tolerably  long  tails,  hov 
commonest  species  is  the  Proir 
derives  its  specific  name  froi 
before  eating  it  The  Coatis  ( 
the  Racoons,  and  are  excluE 
continent.    The  Kinkajous  (  C 
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comprising  the  well-known  "Wah"  or  "Panda"  {^lurusfulgms) 
of  India  and  Thibet,  and  the  /Eluropus  of  the  latter  country. 


The  former  is  a  cat-like  animal,  chestnut -brown  above  and 
black  inferiorly,  with  a  white  face  and  ears,  and  the  latter  is 
almost  completely  wliite  in  colour.  Like  the  Kinkajous,  but 
unlike  the  Coatis  and  Racoons,  the  j£lunis  has  retractile 
claws. 

The  only  remaining  family  of  the  Plantigrada  is  that  of  the 
Melida  or  Badgers,  characterised  by  their  elongated  bodies 
and  short  legs,  and  by  the  fact  that  the  carnassial  tooth  has 
a  partly  cutting  edge,  and  is  not  wholly  tuberculate  as  in  the 
Bears. 

The  common  Badger  {Meles  iaxus),  which  may  be  regarded 
as  the  type  of  this  group,  occurs  in  Britain,  and  is  one  of  the 
most  inoffensive  of  animals.  It  is  nocturnal  in  its  habits,  and 
is  a  very  miscellaneous  feeder,  not  refusing  anything  edible 
which  may  come  in  its  way,  though  living  mainly  on  roots  and 
fruits.  The  Badger  burrows  with  great  ease,  and  can  bite  very 
severely.  The  European  Badger  is  represented  in  the  United 
States  and  Canada  by  the  "  Siffleur  "  (MeUs  Labradoricus),  and 
in  the  hilly  parts  of  India  by  the  Indian  Badger  (J/,  collans). 
The  Glutton  (Gtilo  lusats),  often  called  the  Wolverine,  is  of 
common  occurrence  in  the  northern  pans  of  Europe,  Asia,  and 
America.  It  is  from  two  to  three  feet  in  length,  and  though 
doubtless  a  tolerably  voracious  animal,  it  is  certainly  not  so 
much  so  as  to  deserve  the  name  of  Glutton.  The  Grison 
i^Galictis)  is  a  closely -allied  form,  which  is  found  in  South 
America.  These  two  genera  are  often  placed  among  the 
Mustdida.  The  Ratels  or  Honey  badgers  (Mellhora)  are 
■such  like  the  common  Badger  in  their  habits  and  appear- 


.Si  W  i-phlllli:^!  ilJil. 

The  first  family  of  tlic  Digiligr 
or  Weasels,  including  a  number  of 
legs,  elongated  worm-like  bodies, 
of  progression  (hence  the  name 
applied  to  the  group).  Amongst 
Ulidx  are  the  common  Weasel  (A 
(Muslda putorius),  and  the  Ferret 
supposed  to  be  only  an  albino  va 
It  is  really  an  African  species, 
cated  in  Europe.  Many  of  the 
mercial  importance,  furnishing  be 
Amongst  these  are  the  Ermine 
Sable  (Mustela  zibelHna).  It  is 
of  the  Sable  of  commerce  is  d 
{Putorius  nigrescens)  and  the  Pini 
of  the  United  Slates  and  Canada 

Almost  al[  the  Wea^eU  have  a  very  i 
secretion  of  greatly -developed  and  mt 
the  tieighbourhooJ  of  the  anus,  and  I 
respect,  however,  the  nearly.allied  gw 
can  Skunk,  \%  facile  princtps.  The  SV 
long  liushy  tail,  and  when  unmolested 
or  irritated,  however,  it  has  the  power 
glands  to  a  greater  or  less  distatKe  wit 
this  sBo.fiiinii  is  sn  nowcrful  and  oeras 
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It,  and  horizontally  flattened.  The  common  Otter  \Lutra 
^flris)  is  a  native  of  Britain,  frequenting  the  banks  of 
Euns  and  lakes.     It  lives  upon  fish,  and  is  highly  destruc- 

to  salmon.  A  closely-allied  form  is  the  American  Otter 
ira  Canadensis),  In  the  Sea  Otters  (Enhydris)  the  tail  is 
r  short    They  are  found  on  both  sides  of  the  North  Pacific, 

yield  a  very  valuable  fur. 

*he  second  family  of  the  Semi-plantigrade  Carnivores  is  that 
he  Viverrida,  the  Civets  and  Genettes.  They  are  all  of 
lerate  size,  with  sharp  muzzles  and  long  tails,  and  more  or 

striped,  or  banded,  or  spotted.  The  camassial  molar  is 
ichant ;  the  canines  are  long,  sharp,  and  pointed ;  and  the 
jue  is  roughened  by  numerous  prickly  papillae.     The  last 

molars  in  the  upper  jaw,  and  the  last  in  the  lower,  are 
grcular.  The  claws  are  semi-retractile,  and  the  pupils  can 
tract,  on  exposure  to  light,  till  they  resemble  a  mere  line, 
most  of  their  characters,  therefore,  the  Civets  are  much 
•e  highly  carnivorous  than  are  any  of  the  preceding  families, 

they  approach  in  many  respects  very  close  to  the  typical 
ip  of  the  Digit igrada  (viz.,  the  Felida\  having  especially 
f  close  afiinities  with  the  Hyaenas.     Many  of  the  species  of 

family  are  furnished  with  anal  glands,  which  secrete  the 
uliar  fatty  substance  known  as  "  civet" 

he  true  Civet-cat  is  the  Vherra  cri'dta^  a  native  of  Africa.  It  is  a 
11  nocturnal  animal,  which  climbs  trees  with  facility,  and  feeds  chiefly 
1  small  mammals,  reptiles,  and  birds,  but  also  upon  roots  and  fruits, 
imishes  the  greater  part  of  the  "civet"  of  commerce,  which  was  for- 
iy  in  great  repute  both  as  a  perfume  and  as  a  medicinal  agent.  It  is  a 
ade-Iike  substance,  with  a  strong  musky  odour,  and  is  secreted  by  a 
)  double  pouch  beneath  the  anus.  The  Genette  i^Vwerra  genetta)  is 
•  closely  related  to  the  preceding,  and  is  a  native  of  Africa  and  southern 
jpe,  being  not  uncommonly  domesticated  and  kept  like  a  cat     The 

pouch  in  the  Genette  is  much  reduced  in  size,  and  has  hardly  any 
eptible  secretion.  Another  nearly  -  allied  form  is  the  Ichneumon 
*fe5tes\  one  species  of  which  is  kept  as  a  domestic  animal  in  Egypt, 

lives  upon   Snakes,  Lizards,  the  eggs  of  the  Crocodile,  and  small 
nmals. 
mong  the  numerous  other  forms  which  are  referred  to  the  Viverrida 

be  mentioned  the  Paradoxurus  of  the  Indian  province  ;  the  prehensile- 
id  **  Benturongs  "  (Anttciis)  of  India,  and  Sumatra  and  Java ;  the 
-footed  Cyno^e  of  Borneo  ;  the  **  Mangue  "  {Crossarckus)  of  Western 
ca  ;  the  **  Suricate  "  (SuriccUa)  of  South  Africa  ;  and  the  curious  Crypto^ 
ta  of  Madagascar. 

*'orming  a  transition  between  the  Vrverrida  and  the  Felidce 
Jie  family  of  the  Ilyanidce,  distinguished  by  the  fact  that, 
ae  of  all  the  Camivora,  both  pairs  of  feet  have  only  four 
s  each.    The  hind-legs  are  shorter  than  the  fore-tegs,  so 

2  Y 
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that  the  trunk  sinks  towards  the  hind-quarters,  and  the  tail  is 
short  The  tongue  is  rough  and  pricldy.  Tlie  head  is  ex- 
tremely broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaw 
extremely  powerful  and  well  developed.  The  claws  are  non- 
retractile.  All  the  molars  are  trenchant  except  the  last  upper 
molar,  which  is  tuberculate.  The  upper  camassial  has  a  small 
internal  tubercle,  and  the  lower  camassial  is  wholly  trenchant 
There  is  a  deep  glandular  pouch  beneath  the  anus. 

There  are  two  well-known  species  of  Hyaena,  and  the  whole 
group  is  exclusirely  confined  to  the  Old  World.  The  best- 
known  species  is  the  Striped  Hyaena  (Hycsna  striata)^  which  is 
found  in  North  Africa,  Asia  Minor,  Arabia,  and  Persia.  It  is 
an  ill-conditioned  ferocious  beast,  but  will  not  attack  man  unless 
provoked.  The  Spotted  Hyaena  {H.  crocuta)  occurs  solely  in 
Africa,  being  especially  abundant  in  Cape  Colony. 

Closely  allied  to  the  Hyaenas  is  the  curious  Aardwolf  {Pro- 
teles),  of  South  Africa,  sometimes  raised  to  the  rank  of  a  dis- 
tinct family  {Protelidce),  It  has  the  fore-feet  pentadactyloos, 
and  the  hind-feet  tetradactylous  (as  in  the  Dogs).  It  is  a  noc- 
turnal burrowing  animal,  about  as  large  as  a  Fox,  and  of  a 
yellowish-gray  colour,  with  black  stripes  on  the  sides,  and  it 
feeds  on  White  Ants  and  carrion. 

The  next  family  is  that  of  the  Canidce^  comprising  the  Dogs, 
AVolves,  Foxes,  and  Jackals.  The  members  of  this  family 
are  characterised  by  having  pointed  muzzles,  smooth  tongues, 
and  non-retractile  claws.     The  fore-feet  have  five  toes  each, 

the  hind-feet  have  only  four.    The  molar  teeth  are ,  some- 

^  7—7 

times  ^^-,  and  of  these,  two  or  three  on  each  side  are  tuber- 
7—7 

culate.     The  camassial  has  a  tolerably  large  heel,  or  process. 

The  true  Dogs  (/>.,  the  Dog  and  Wolf)  have  round  or 

oblique  pupils,  and  a  tail  which  is  of  moderate  length  and 

rarely  very  hairy.     The  Foxes  (  Vulpes)  have  very  long  bushy 

tails,  and  the  pupil  contracts  to  a  mere  line. 

The  Dog  {Cants  familiaris)  is  only  known  to  us  at  the  present  day  as  a 
domesticated  animal.  Such  wild  dogs  as  there  are,  are  probably  merely 
derived  from  the  domestic  dog  ;  and  the  original  stock,  or  stocks,  from 
which  our  numerous  varieties  of  dogs  have  sprung,  is  still  uncertain.  It  i> 
worth  while  remembering,  however,  that  all  our  varieties  of  dogs  are  capa- 
ble of  interbreeding ;  and  there  is  a  strong  probability  that  the  Wolf  is  the 
parent  stock  of  at  least  some  of  our  domestic  breeds.  The  Dog,  in  ^ 
will  interbreed  with  both  the  Wolf  and  the  Jackal.  The  **naii\*cdog 
{Cam's  dinip)  of  Australia  is  generally  supposed  to  be  only  a  variety  of  i^e 
Canis  familiarist  and  this  is  certainly  the  case  with  the  so-called  "naurt 
dog  "  of  New  Zealand. 


J 
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'ot«  in  Ihe  same  genua.  The  Fo»e«,  however,  are  better  considered  as 
inning  a  sepiralc  genus  {yiilf^s).  of  which  (here  are  many  species,  all 
lore  or  less  like  the  common  Fox  {Vulpts  VHlgarii).  One  of  the  most 
Emarkable  species  is  the  Arctic  Fox,  which  abounds  in  the  Arctic  r^ons, 
od  changes  its  colour  with  the  season,  being  brown  or  bluish  in  summer, 
nd  white  in  winter.  The  soles  of  its  feet  are  hairy.  Olher  well-known 
■^oxes  are  the  Red  Fox  ( K  fuh'iii)  of  North  America,  (he  Ueccan  Fox 
y.  BfHgalfntii)  of  India,  and  the  Caama  (K  Caama\  of  Africa. 

The  Jackils  have  a  round  pupil  and  a  dental  formula  like  Ihat  of  the 
3ogs.  They  inhalnl  Asia  and  Africa,  are  gregarious,  bunt  in  packs,  and 
nrrow  in  the  ground. 

One  of  the  most  aberrant  members  of  the  Canidit  is  the  curious  Lycaan 
^lus  or  "  Hunting  Dog  "  of  South  Africa,  which  agrees  with  the  D<^s 
n  its  dentition  and  osleoli^,  but  resembles  the  Hyxnas  in  the  fact  that 
Ji  the  feel  are  letradactylous. 

The  last  group  of  the  Digitigrada  is  that  of  the  Felidee  or 
;^at  tribe,  comprising  the  most  typical  members  of  the  whole 
>rder  of  the  Carmvora,  such  as  the  Lions,  Tigers,  Leopartis.Cats, 
ind  Panthers.  The  members  of  this  family  all  walk  upon  the 
ips  of  their  toes,  the  soles  of  their  feet  being  hairy,  and  the 
vhole  of  the  metacarpus  and  heel  being  raised  above  the 
ground  (fig.  376,  C).  The  jaws  are  short,  and  owing  to  this 
act,  and  to  the  great  size  of  the  muscles  concerned  in  masti- 
^tion,  the  head  assumes  a  short  and  rounded  form,  with  ao 
ibbreviated  and  rounded  muzzle.  The  molars  and  pnemolars 
ire  fewer  in  number  than  in  any  other  of  the  Camivora  (hence 
he  shortness  of  the  jaws),  and  they  are  all  trenchant,  except 
he  last  molar  in  the  upper  jaw,  which  is  tuberculate.  The 
ipper  camassial  has  three  lobes,  and  a  blunt  heel  or  internal 
jrocess.  The  lower  camassial  has  two  cutting  lobes,  and  no 
ntemal  process.     According  to  Owen,  the  dental  formula  is-^ 
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The  legs  are  nearly  of  equal  size,  and  the  "hind-feet  have 
only  four  toes  each,  whilst  the  fore-feet  have  five.  All  the 
toes  are  fumislied  with  strong,  curved,  retractile  claws,  which, 
when  not  in  use,  are  withdrawn  within  sheaths  by  the  action  of 
elastic  ligaments,  so  as  not  to  be  unnecessarily  blunted.  The 
tongue  is  roughened  and  rendered  pnckly  by  the  presence  of 
horny  papillas,  thus  rendering  it  a  most  efficient  rasp  in  lickii^ 
the  flesh  from  the  bones  of  the  prey.  All  the  members  of  this 
group  are  exceedingly  light  upon  their  feet,  and  are  oca- 
sively  muscular,  and  they  have  all  the  habit  of  seizing  tbeit 
prey  by  suddenly  springing  upon  it. 

It  is  questionable  if  any  good  genera  have  hitherto  been 
established  in  this  family,  as  far  as  recent  forms  are  conceneil, 
and  all  the  living  species  may  be  considered  as  belonging  to 
the  single  genus  Ftlis. 


The  Ijon  {Fdis  Am)  is  too  well  known  In  r 


ir  reddish  brown.   Tk 


ne,  which  is  very  short,  howe(-er,  in  an  Indian  form.  The  Liit 
is  exclusively  confined  to  the  Old  World,  and  is  an  inhabitant  of  .Uric 
and  the  southern  parts  of  Asia.  It  is  doulitful  how  far  any  valid  spK^ 
of  Lions  have  as  yet  tieen  eslal)Iished.  The  IJons  are  all  Diiciuinil,  u^ 
capture  their  prey  by  suddenly  leapinc  upon  it.  They  are  by  no  nicM' 
the  generous  and  courageous  animals  tTiey  are  generally  considered  to  lie : 
but,  on  the  contrary,  are  cruel,  cunning,  and  cowardly.  They  ire  efHJf 
mously  strong,  and  it  is  snid  that  a  full-grown  Lion  can  run,  ind  crn 
leap,  though  cariying  an  ox  in  its  jaws.  Though  now  much  lestiidcl  '■ 
in  Its  range,  the  Lion  had  lormerly  a  much  more  extensive  distribobm.  > 
form  considerably  larger  than  the  modern  species  having  (orroeriy  eiisloi 
in  Enroiw;,  and  even  in  Britain  (/Wm  sfvUa).  High  authorities,  lio«vB, 
doubt  if  the  "  Cave  Lion"  is  specifically  separable  from  the  exisliil/i^ 

In  Ihe  Tigers  (^^/«  I'g^),  the  tail  is  without  a  tuft  of  hutsitiisf 
Iremity,  and  (he  skin  is  marked  with  stripes  or  spoU.     The  Ko})!  *    j 
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Bengal  Tiger  is  a  native  of  southern  Asia,  but  occurs  also  in  Java  and 
Sumatra.  The  skin  is  reddish  yellow,  marked  with  numerous  transverse 
black  stripes.  It  is  a  large  and  powerful  animal,  and  upon  the  whole, 
is  probably  a  more  dangerous  opponent  than  even  the  Lion. 

Of  the  large  Spotted  Cats,  the  largest  is  the  Jaguar  (Felis  onca\  which 
inhabits  South  America  and  the  southern  parts  of  North  America.  It  is  a 
very  large  and  powerful  animal,  said  to  be  able  to  carry  a  bullock  without 
dimculty,  and  it  can  both  swim  and  climb  with  great  facility.  Another 
American  species  is  the  Puma  {Fciis  concolor)^  in  which  the  colour  is  uni- 
formly reddish  brown.  It  is  exclusively  confined  to  America,  and  though 
of  large  size  (nine  feet  in  length,  including  the  tail),  it  is  a  very  cowardly 
species,  and  is  seldom  or  never  known  to  attack  man. 

The  Leopard  {Felts  leopardus)  is  another  well-known  species,  smaller  than 
the  Tiger,  and  marked  with  black  spots  in  place  of  stripes.  It  is  a  native 
of  all  the  warmer  parts  of  the  Old  World. 

The  Panther  is  probably  merely  a  variety  of  the  Leopard,  and  the 
Ounce  {Felis  tincia)  is  generally  believed  to  be  only  its  immature  form. 
Another  allied  form  is  the  Cheetah  or  Hunting  Leopard  {Felis  jnbata)  of 
southern  Asia  and  Africa,  which  is  often  raised  to  the  rank  of  a  distinct 
genus  under  the  name  of  Cytuelurtis, 

Of  the  smaller  Fdiday  the  best  known  are  the  Lynxes  and  the  Cats, 
properly  so  called.  Of  these  the  Lynxes  are  distinguished  by  their  short 
tails,  and  by  the  fact  that  the  ears  are  furnished  with  a  pencil  of  hairs. 
They  differ  so  much  from  the  other  Felida  as  to  be  often  placed  in  a  sepa- 
rate genus  {Lyncns),  The  ,best  known  species  are  the  European  Lynx 
{Feiis  iyna4s)y  the  Caracal  (F,  caracal)  of  southern  Asia  and  Africa,  and 
the  Canadian  Lynx  {F,  Canadensis)  of  North  America.  In  the  true  Cats 
{Felis  ca/us)  the  tail  is  long,  and  the  ears  are  not  tufted.  The  Wild  Cat 
formerly  abounded  in  Britain,  but  is  now  almost  extinct,  though  it  still 
occurs  in  Europe,  especially  in  the  Hartz  and  Carpathian  Mountains.  It 
is  a  large  and  fierce  animal,  and  appears  to  be  quite  a  match  for  any  man 
not  possessing  firearms.  It  seems  tolerably  certain  that  the  Wild  Cat  is 
not  the  original  stock  of  the  Domestic  Cat,  the  exact  origin  of  which  is  un- 
certain. It  has  been  supposed,  however,  that  the  Domestic  Cat  is  de- 
scended from  a  small  species  {Felis  maniculcUa)  which  occurs  in  Nubia. 

As  regards  the  distribution  of  the  Carnivora  in  iimey  the 
order  does  not  appear  to  be  represented  earlier  than  the 
Elocene  period,  though  our  knowledge  on  this  subject  is  cer- 
tainly defective,  as  shown  by  the  fact  that  the  oldest  forms  at 
present  known  are  referable  to  highly  specialised  groups. 

The  aquatic  Carnivores  {Pinnipedid)  appear  to  commence 
in  the  Miocene  Tertiary,  but  they  are  principally  known  as 
Post-Tertiary  fossils. 

The  great  family  of  the  Ursidce  is  represented  in  Miocene 
times  by  the  genus  Amphicyon^  which  has  certain  affinities  with 
the  Canidce,  True  Bears  first  appear  during  the  Pliocene,  and 
in  the  Post-Pliocene  period  Europe  possessed  several  Bears,  of 
which  the  well-known  "  Cave- Bear  ( Ursus  spelaus)  is  the  best 
known. 

The  ProcyonidcR  are  doubtfully  known  in  deposits  anterior 
to  the  Post-Pliocene. 


period  by  sevcial  genera  {Cj 
may  also  provisionally  place 
genus  Ardocy^n,  which  occurs 
and  is  the  oldest  example  of 
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so-called  "  sabre-toothed  Tigers."  In  this  wonderful  genus  we 
are  presented  with  the  most  highly  carnivorous  type  of  all 
known  beasts  of  prey.  Not  only  are  the  jaws  shorter  in  pro- 
portion than  those  of  the  most  rapacious  of  existing  Felida,  but 
the  canine  teeth  are  of  enormous  size,  compressed  and  sabre- 
shaped,  and  having  their  margins  finely  serrated.  Species  of 
MacJiairodiis  must  have  been  as  large  as  the  living  Lion ;  and 
the  genus  has  an  extraordinary  range  both  in  time  and  space, 
occurring  in  North  and  South  America,  in  India,  and  in  Eu- 
rope, and  extending  from  the  Miocene  to  the  Human  period. 


CHAPTER   LXXVIL 

RODENTIA, 

Order  XIII.  Rodentia. — The  thirteenth  order  of  Mammalia 
is  that  of  the  Rodentia^  or  Rodent  Animals,  often  spoken  of  as 
GlireSy  comprising  the  Mice,  Rats,  Squirrels,  Rabbits,  Hares, 
Beavers,  &c 

The  Rodentia  are  characterised  by  the  possession  of  two  long 
curved  incisor  teeth  in  each  jaw,  separated  by  a  wide  interval  from 
the  molars.  77ie  lotver  jaw  neifcr  has  more  than  two  of  t fuse  in- 
cisors^ and  the  upper  jaw  very  rarely ;  but  sometimes  there  are 
four  upper  incisors.  There  are  no  canine  teethy  and  the  molars 
and  prcemolars  arefeiv  in  number  (rarely  more  than  four  on  each 
side  of  the  jaw).  The  feet  are  usually  furnished  7vith  five  toes 
each,  all  of  which  are  armed  with  claws  ;  and  the  hcUlux,  when 
present,  does  not  differ  in  form  from  t/ie  other  digits.  The  testes 
pass  periodically  from  the  abdomen  into  a  temporary  scrotum,  and 
the  placenta  is  discoidal  and  deciduate. 

The  most  characteristic  point  about  the  Rodents  is  to  be 
found  in  the  structure  of  the  incisors,  which  are  adapted  for 
continuous  gnawing — hence  the  name  of  Rodentia,  The  in- 
cisor teeth  are  commonly  two  in  each  jaw,  and  they  grow  from 
persistent  pulps,  so  that  they  continue  to  grow  throughout  the 
life  of  the  animal.  They  are  large,  long,  and  curved  (fig.  383, 
A),  and  are  covered  anteriorly  by  a  plate  of  hard  enamel 
The  back  part  of  each  incisor  is  composed  only  of  the  com- 
paratively soft  dentine,  so  that  when  the  tooth  is  exposed  to 
attrition,  the  soft  dentine  behind  wears  away  more  rapidly  than 
the  hard  enamel  in  front.    The  result  of  this  is  that  the  crown 
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of  the  tooth  acquires  by  use  a  chiseMike  shape,  bevelled  away 
behind,  and  the  enamel  forms  a  persistent  cutting  edge. 

The  gnawing  action  of  the  incisors  is  assisted  by  tiie  articu- 
lation of  the  lower  jaw,  the  condyle  of  which  is  placed  longi- 


B 


Fig.  383.— A,  Side-view  of  the  skull  of  Sctunt*  {Cynomrs)  LutUtncianta ;  B,  Mohr 
teeth  of  the  upper  jaw  of  the  Beaver  {CasUr/ller).    (After  Giebd.) 

tudinally  and  not  transversely,  so  that  the  jaw  slides  backwards 
and  forwards.  The  molars,  consequently,  have  flat  crowns 
(fig-  Z^Zy  B)»  the  enamelled  surfaces  of  which  are  3\v!dss 
arranged  in  transverse  ridges,  in  opposition  to  the  antero- 
posterior movements  of  the  jaw.  The  intestine  is  very  long, 
and  the  caecum  voluminous  (rarely  wanting).  The  brain  is 
nearly  smooth,  and  without  convolutions.  The  orbits  are  not 
separated  from  the  temporal  fossae,  and  the  eyes  are  directed 
laterally.  The  Rodents  are  almost  all  very  small  animals,  and 
they  are  mostly  very  prolific.  They  subsist  principally,  if  not 
entirely,  upon  vegetable  matters,  especially  the  harder  parts  of 
plants,  such  as  the  bark  and  roots.  Many  of  them  possess  the 
power  of  building  elaborate  nests,  and  most  of  them  hybemate. 
They  are  very  generally  distributed  over  the  whole  world,  but 
no  member  of  the  order  has  hitherto  been  detected  in  rocks 
older  than  the  Eocene  Tertiary. 

The  order  Rodentia  comprises  a  very  large  number  of  fami- 
lies, which  can  be  merely  noticed  here. 

Fam,  I.  Leporida.  —  In  this  family  are  the  Hares  {Jjp^ 
timidus)  and  Rabbits  (Lepjis  cunicuius),  distinguished  amongst 
the  Rodents  by  the  possession  of  two  small  incisors  in  the 
upper  jaw,  placed  behind  the  central  chisel-shaped  incisors,  so 
that  there  are  four  upper  incisors  in  alL  The  molars  and  pr«- 
molars  are  rootless,  and  the  dental  formula  is — 
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The  clavicles  are  imperfect.  The  fore-legs  are  furnished 
with  five  toes,  and  are  considerably  shorter  than  the  hind-legs, 
which  have  only  four  toes.  The  two  orbits  communicate  by 
an  aperture  in  the  septum.  Generally  there  is  a  short  erect 
tail 

The  common  Hare  {Lepus  timidus)  is  dispersed  over  the 
whole  of  Europe,  but  is  not  met  with  in  Sweden  and  Norway, 
its  place  there  being  taken  by  the  Mountain-hare  (white  in 
winter),  which  occurs  commonly  in  Scotland.  As  a  rule,  the 
Hares  occur  in  temperate  regions,  but  some  are  found  in 
Africa,  and  one  species  (Lcpus  glacial  is)  is  a  native  of  the  Arctic 
regions,  whilst  the  common  American  Hare  (Z.  Amrricanm) 
extends  from  Canada  to  Mexico.  The  Rabbit  is  also  a  native 
of  temperate  regions,  but  appears  to  thrive,  to  a  more  than 
average  extent,  in  Australia. 

Fam.  2.  Lagomydce. — In  the  Calling  Hares  or  Pikas  {Lago- 
mys)y  which  form  this  family,  the  legs  do  not  differ  much  in 
size,  there  is  ho  visible  tail,  and  the  clavicles  are  nearly  com- 
plete.    They  are  found  in  Russia,  Siberia,  and  North  America. 

JFam.  3.  Cavida, — As  examples  of  this  family  may  be  taken 
the  Capybara  {Hydrochcerus  capybara)  and  the  Guinea-pig 
{Ca7'ia).  In  this  family  the  body  is  covered  with  hair,  without 
spines,  and  the  tail  is  rudimentary.  The  Capybara  is  the 
largest  of  living  Rodents,  attaining  a  length  of  three  or  four 
feet.  It  is  a  South  American  form,  leading  a  semi-aquatic 
life,  to  which  end  the  feet  are  incompletely  webbed.  It  is  a 
harmless  stupid  animal,  and  is  not  unlike  a  small  pig  in  appear- 
ance. The  Cavia  apercEa  is  likewise  a  South  American  animal, 
and  is  believed  to  be  the  parent  stock  of  the  Guinea-pigs  so 
often  kept  as  domestic  pets  in  Europe.  To  the  same  group 
as  the  Capybara  belong  the  Agoutis  (Dasyprocta)  and  the  Pacas 
(Qglogenys),  all  of  which  have  eight  rootless  molars  in  each 
jaw,  whilst  the  two  former  have  four  toes  to  the  fore-feet,  and 
three  toes  on  the  hind-feet.  The  various  species  of  Agouti  are 
found  in  South  America  and  the  West  Indies,  whilst  the  Pacas 
are  exclusively  South  American. 

Fam.  4.  HystricidcB, — In  this  family  are  the  well-known  Por- 
cupines, distinguished  from  the  other  Rodents  by  the  fact  that 
the  body  is  covered  with  long  spines  or  "  quills,"  mixed  with 
bristly  hairs.  They  have  four  molars  on  each  side  of  each  jaw, 
and  they  possess  imperfect  clavicles. 

The  true  Porcupines  {Hystrix)  have  non  -  prehensile  tails, 
which  are  mostly  furnished  with  long  hollow  spines,  but  some- 
times with  scales  and  bristles.  As  at  present  restricted,  they 
are  found  in  the  Old  World  only.     They  are  mostly  inhabit- 
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ants  of  hot  climates,  with  the  exception  of  the  common  Por- 
cupine {H,  cristatd)y  which  occurs  in  southern  Europe  and  in 
the  north  of  Africa.  In  the  genus  Atherura  of  Asia  and  the 
Indian  Archipelago,  the  tail  is  terminated  by  a  bundle  of  flat- 
tened homy  strips. 

Fain,  5.  Cercolabida, — ^This  family  is  hardly  separable  from 
the  preceding,  the  chief  difference  being  that  the  animals  com- 
posing it  spend  more  or  less  of  their  lives  in  trees,  and  are, 
therefore,  adapted  for  climbing.  The  Cercolabida  comprise 
the  American  Porcupines,  of  which  the  principal  genera  are 
Erethizon  and  Ccrcolabes,  In  the  genus  Eret?uzon^  represented 
by  the  Canada  Porcupine  {E,  dorsaium)  of  North  America,  the 
quills  are  short,  and  are  half  hidden  in  the  hair,  and  the  tail  is 
non-prehensile. 

The  nearly  allied  genus  Cercolabes  is  South  American,  and  it 
is  distinguished  from  the  preceding  by  the  possession  of  a 
long  prehensile  tail.  In  fact,  Cercolabes^  like  so  many  of  the 
inhabitants  of  this  wonderful  continent,  is  adapted  for  an  arbo- 
real life,  instead  of  being  confined  to  the  ground. 

Fam,  6.  Ociodontidce. — This  family  includes  a  large  number 
of  Rodents  which  are  principally  South  American  and  African 
{Octodon,  Echunys^  Ctenoniys,  &c.).  The  best  known  species 
is  the  beaver-like  Coypu  {Myopotamus  coypus)  of  South  Am^ 
rica,  in  which  the  hind-feet  are  webbed,  and  the  tail  is  long 
and  rounded.  It  inhabits  burrows  iu  the  sides  of  streams,  and 
it  leads  a  semi-aquatic  hfe. 

Fam,  7.  ChinchillidcE,  —  This  family  includes  some  South 
American  Rodents,  of  which  the  true  Chinchillas  [Chinchilla) 
are  the  best  known.  They  are  small  nocturnal  animals,  strictly 
terrestrial  in  their  habits,  and  having  the  hind-legs  consider- 
ably longer  than  the  fore-legs.  The  Alpine  Viscachas  (Zj^*- 
diiim)  live  on  the  Andes  up  to  heights  of  16,000  feet;  and  the 
Viscacha  of  the  plains  (Lagostomus)  inhabits  the  South  American 
pampas. 

Fam,  8.  Castoridce. — The  best-known  example  of  this  family 
is  the  beaver  {Castor  fiber).  The  distinctive  peculiarities  oi 
the  family  are  the  presence  of  distinct  clavicles,  the  posses- 
sion of  five  toes  to  each  foot,  and  the  fact  that  the  hind-feet 
are  webbed,  adapting  the  animal  to  a  semi-aquatic  life. 

The  Beaver  is  a  large  Rodent,  attaining  a  length  of  from 
two  and  a  half  to  three  feet.  Naturally  it  is  a  social  animal 
living  in  societies,  and  this  is  still  the  case  in  America,*  but  in 
northern  Europe  and  Asia,  where  the  animal  has  been  much 

The  American  Beaver  is  sometimes  considered  to  be  a  distinct  species 
{Castor  Cttfuuiensis). 
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hunted,  it  leads  a  solitary  life.  When  living  in  social  commu- 
nities the  beavers  build  dams  across  the  rivers,  as  well  as  habi- 
tations for  themselves,  by  gnawing  across  the  branches  of  trees 
or  shrubs,  and  weaving  them  together,  the  whole  being  after- 
wards plastered  with  mud.  In  this  last  operation  the  tail,  which 
is  flattened  and  scaly,  is  employed  very  much  as  a  mason  uses 
his  trowel.  There  is  no  doubt  but  that  the  Beaver  shows  ex- 
traordinary ingenuity  in  these  and  similar  operations;  but  there 
can  be  equally  little  doubt  as  to  the  greatly-exaggerated  stories 
which  have  been  set  afloat  in  this  connection.  The  Beaver  is 
hunted  chiefly  for  the  sake  of  the  skin,  but  also  for  the  sub- 
stance known  as  castoreum.  This  is  a  fatty  substance,  secreted 
by  peculiar  glands,  and  employed  as  a  therapeutic  agent 

Fam,  9.  SaccomydcB, — This  family  comprises  the  so-called 
Pouched  Rats  and  Gophers  of  North  America,  all  of  which 
have  large  external  cheek-pouches.  Some  of  them  {Geomys 
and  T/wmomys)  have  the  fore -feet  greatly  developed,  and 
adapted  for  burrowing;  whilst  the  so-called  "Kangaroo-Rats" 
{Dipodomys)  have  very  long  hind-legs,  and  the  fore-limbs  are 
not  specially  developed. 

J*am.  10.  Muridct, — The  next  family  of  Rodents  is  that  of 
the  Muridce^  comprising  the  Rats,  Mice,  and  Lemmings.  In 
this  family  the  tail  is  long,  always  thinly  haired,  sometimes 
naked  and  scaly.  The  lower  incisors  are  narrow  and  pointed, 
and  there  are  complete  clavicles.  The  hind-feet  are  furnished 
with  five  toes,  the  fore-feet  with  four,  together  with  a  rudi- 
mentary pollex. 

The  Rats  {Mus  rattus  and  Mtis  d€ctimanus\  the  common 
Mouse  (Mus  musculus\  the  Field-mouse  {Mus  syivaticus),  and 
the  Harvest-mouse  {Mus  messorius)  are  all  well-known  examples 
of  this  family,  and  are  too  familiar  to  require  any  description. 
The  three  first  are  also  common  in  North  America,  though  not 
indigenous.  Closely  allied  to  the  true  Rats  are  the  Hamsters 
(CricetuSy  fig.  384),  and  the  Voles  {Arvicold) ;  the  latter  repre- 
sented by  many  species  in  both  Europe  and  America. 

A  less  familiar  example  of  this  family  is  the  Lemming  (Myodcs 
lemmus).  This  curious  little  Rodent  is  found  inhabiting  the 
mountainous  regions  of  Norway  and  Sweden.  It  is  chiefly  re- 
markable for  migrating  at  certain  periods,  generally  towards  the 
approach  of  winter,  in  immense  multitudes  and  in  a  straight 
line,  apparently  in  obedience  to  some  blind  mechanical  im- 
pulse. In  these  journeys  the  Lemmings  march  in  parallel 
columns,  and  nothing  will  induce  them  to  deviate  from  the 
straight  line  of  march. 

The  Gerbilles  {Gerhillus\  though  closely  related  to   the 


America,  which  leads  a  semi-aqu; 
pressed,  and  the  hind-feet  partly 

Fam.  u,  Dipodida. — The  next 
of  the  Dipodida  or  Jerboas,  mai 
proportionate  length  of  the  hi 
the  fore-hmbs.  The  tail  also  t 
are  complete  clavicles.  The 
owing  to  the  great  length  of 
with  great  activity  and  to  grea 
small  size,  and  inhabit  Russli 
America,  The  best-known  me 
common  jerboa  {Dipiis  /E^p, 
and  constructs  burrows;  the  Ji 
of  South  Africa,  and  the  Juir 
sonicus)  of  North  America. 

Fapn.  12.  MyoxidtE. — The  mi 
tnonly  known  as  Dormice,  and 
following  family  of  the  Squirr 
require  to  be  mentioned,  as  the 
the  true  Mice  {Muridee)  on  th 
-  r-  ..--■v-v  —  ,i,a  n,i,pr  :  the  1 
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he  true  Squirrels  {Sciurus)  are  familiarly  known  in  the 
on  of  the  common  British  species  {Sciunis  vulgaris),  and 

equally  common  Grey  Squirrel  {S,  citureus)  of  the 
ted  States.  Numerous  species  more  or  less  closely  allied 
hese  occur  in  other  countries,  and  they  are  especially 
idant  in  North  America. 

1  the  genera  Pteromys  and  Sciuropterus,  or  Flying  Squirrels, 
e  is  a  peculiar  modification  by  which  the  animal  can  take  ex- 
led  leaps  from  tree  to  tree.  The  skin,  namely,  extends  in 
form  of  a  broad  membrane  between  the  hind  and  fore  legs, 
this  acts  as  a  kind  of  parachute,  supporting  the  animal  in 
air.     There  is,  however,  no  power  whatever  of  tnie  flight, 

the  structure  is  identically  the  same  as  what  we  have  pre- 
sly  seen  in  the  Flying  Phalangers  (Petauriis)^  which  take 
place  of  the  Plying  Squirrels  on  the  Australian  continent. 

Flying  Squirrels  are  found  in  southern  Asia,  Polynesia,  the 
h-east  of  Europe,  Siberia,  and  North  America, 
he  Marmots  (Arctomys\  unlike  the  true  Squirrels,  are  ter- 
ial  in  their  habits,  and  live  in  burrows.  Various  inter- 
iate  forms,  however,  are  known,  by  which  a  transition  is 
:ted  between  the  typical  Squirrels  and  the  Marmots.  Such, 
example,  are  the  Ground  Squirrels  (Tamias)  of  Europe, 
^  and  North  America.  There  are  numerous  species  of  this 
ly  inhabiting  various  parts  of  Europe  and  northern  Asia, 

generally  distributed  over  the  whole  of  North  America. 
d    examples    are   the   Alpine   Marmot   (A.   Alpinus)   of 
3pe,  and  the  Prairie  Dog  {Cynomys  Zudavia'anus)  o(  North 
irica. 
he  Pouched  Marmots  {Spertnophilus)  have  cheek-pouches, 

are  widely  distributed  over  North  America,  northern 
3pe,  and  northern  Asia. 

am,  14.  SpalacidcE, — The  animals  comprised  in  this  family 
generally  known  as  "  Mole-rats."     They  have  a  stout  body, 

short  legs,  the  feet  being  five-toed,  and  adapted  for  bur- 
ng.  The  external  ears  are  small  or  wanting,  and  the  eyes 
extremely  minute  or  rudimentary.  The  Mole-rats  (^^^r/ajr, 
rychus,  &c.),  are  exclusively  found  in  the  Old  World,  and 
cipally  in  Asia,  Africa,  and  south-eastern  Europe, 
s  regards  the  .distribution  of  the  Rodentia  in  time,  very 
y  fossil  forms  are  known,  the  oldest  appearing  in  the 
ene  Tertiary,  but  the  extinct  forms  offer  few  points  of 
;ial  interest     The  families  of  the  Sciuridce,  Murida,  Myox- 

and  Octodontidce  Q),  have  representatives  in  the  Eocene, 

the  families  of  the  Dipodida,  Castorida,  Hystricida^  Ca- 
?  (?),  and  Lagomyda  in  the  Miocene  deposits.     The  Lepor- 


CHEIRi 

Okder  XIV.   Cheiroptera." 

"  the  most  distinctly  circurascr 
whole  class  of  the  Mammal ta. 
would  be  advantageous  to  re| 
order  of  the  next  order  (nai 
modified  to  lead  an  aerial  lii 
regarded  as  a  mere  section  of  t 
to  suit  an  aquatic  life. 

The  Cheiroptera  are  essential 
the  anterior  limbs  are  longer  tht 
fore-limb,  with  the  exception  of  t 
gated  (fig.  386).  These  elonga 
panded  membrane  or  "patagtutr, 
the  fore  and  hind  limbs  and  tk 
casts  passes  also  between  the  kin, 
giiim  thus  formed  is  naked,  or 
serves  for  flight.     Of  the  fing. 
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the  ulna.  The  mammary  glands  are  two  in  number^  and  are 
placed  upon  the  chest.  There  are  teeth  of  three  kinds,  and  the 
canities  are  always  well  developed.  The  molars  are  tuberculate 
or  grooved  in  the  frugivorous  forms,  and  cuspidate  in  the  insecti- 
vorous species.  The  ulna  is  sometimes  quite  rudimentary.  The 
bones  are  not  pneumatic.  The  testes  are  abdominal  except  during 
the  breeding  season.  The  stomach  is  complex  and  the  in- 
testine long  in  the  fruit-eating  Bats ;  but  the  reverse  of  this 
obtains  amongst  the  insectivorous  forms.  The  Cheiroptera  are 
cosmopolitan  in  their  distribution,  and  the  oldest  known 
species  is  from  the  Eocene  Rocks. 

The  Bats  are  all  crepuscular  and  nocturnal  in  their  habits, 
and  are  sometimes  carnivorous,  sometimes  frugivorous.  The 
eyes  are  small,  but  the  ears  are  very  large,  and  their  sense  of 
touch  is  most  acute.  During  the  day  they  retire  to  caves  or 
crevices  amongst  the  rocks,  where  they  suspend  themselves  by 
means  of  the  short  thumbs,  which  are  provided  with  curved 
claws.  In  their  flight,  though  they  can  fly  in  the  genuine  and 
proper  sense  of  the  term,  and  can  turn  with  great  ease,  they 
are  by  no  means  as  rapid  and  as  active  as  are  the  true  birds. 
The  tail  is  sometimes  short,  sometimes  moderately  long,  and 
is  usually  included  in  a  continuation  of  the  leathery  patagium, 
which  stretches  between  the  hind -legs,  and  is  termed  the 
"inter-femoral  membrane."  The  body  is  covered  with  hair, 
but  the  patagium  is  usually  hairless,  or  nearly  so.  Most  of 
the  Bats  hybemate. 

The  Cheiroptera  are  conveniently  divided  into  the  two  sec- 
tions of  the  Insectivora  and  Frugivora,  according  as  the  diet 
consists  of  insects  or  of  fruits. 

Section  A.  Insectivora  {Microcheiroptera), — In  this  section 
are  the  four  families  of  the  Vespertilionidce,  Rhinolophidce, 
Noctilionidce,  and  Phyllostomidce, 

Fam,  I.  Vespertilionidce,  —  In  this  family  are  the  ordinary 
Bats,  distinguished  by  having  a  dentition  very  like  that  of  the 
order  of  the  Insectivorous  Mammals,  the  molar  teeth  being 
furnished  with  small  pointed  eminences  or  cusps,  adapted  for 
crushing  insects,  and  the  incisors  being  of  small  size.  The 
nose  is  not  furnished  with  leaf-like  appendages,  and  the  tail  is 
usually  elongated,  and  enclosed  in  a  large  inter-femoral  mem- 
brane. About  fifteen  species  of  this  family  have  been  de- 
scribed as  British,  but  of  these  only  two  are  at  all  common. 
Of  these  two,  the  Pipistrelle  {Vespertilio  pipistrella)  is  the 
commonest  species,  occurring  over  the  whole  of  Britain.  The 
long-eared  Bat  (Flecotus  auritus)  is  also  not  uncommon,  and 
is  distinguished  by  its  greatly  elongated  ears,  which  are  con- 
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Huent  above  the  forehead.  The  largest  British  spedes  is  the 
Noctule  (  Vespertilio  nodula),  which  measures  as  much  as  fifteen 
inches  in  expanse  of  wing. 

Fam.   2.  Rhinolopkida. — The  second  family  of  the  Insec- 
tivorous Bats  is  that  of  the  Rkinolophida  or  Horse'^faoe  Bats, 


of  Fun-bil  (PlmfHs).    (Alter  Onn.) 


which  in  most  respects  are  very  similar  to  the  Vespertilumida. 
but  are  distinguished  by  the  possession  of  a  complex  leafJi^fi 
apparatus  appended  to  the  nose.  Of  this  family,  two  British 
species  are  known — the  Greater  and  Lesser  Hofse-shoe  Bats 
{Rhinolophus  forrum-equinum  and  R.  hipposideros). 

Most  of  the  Horse-shoe  Bats  are  Asiatic  and  .\frican,  a  ff 
being  found  in  Austraha.  The  genera  Nyeteris  and  M^aderwn 
are  sometimes  separated  to  form  a  distinct  family  {XyctfridaV 

Fam.  3,  Nodilionidte. — In  this  family  are  a  number  of  Bao 
which  are  principally  South  American,  African,  and  Asiatic 
and  which  are  distinguished  from  the  Vespertilwnida  by  ihe 
fact  that  the  tail  usually  perforates  the  inter-femoral  membrane 
and  the  incisors  are  of  large  size. 

Fam.  4.  Phyl/ost0mida.~r-'T\\\5  is  the  only  remaining  family 
of  the  Insectivorous  Bats,  and  comprises  the  well-known  Vun- 
pire-bats  (fig.  387,  A),  distinguished  by  having  leaf-like  nial 
appendages,  and  by  die  fact  that  the  ears  are  ol  small  siie; 
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whereas  in  the  preceding  they  are  always  very  large  {Rhimlo- 
phus),  and  are  often  confluent  above  the  forehead  l^tgaderma). 


They  are  all  of  large  size,  and  are  natives  of  South  America, 
extending  northwards  to  Mexico  and  California.  The  Vam- 
pire-bat (Phyllostoma  spectrum)  has  an  expanse  of  wing  of  two 
feet  and  a  half,  and  lives  chiefly  upon  insects.  It  also  has  the 
lubit  of  sucking  the  blood  of  sleeping  animals,  appearing 
sometimes  to  attack  even  man,  though  apparently  never  doing 
any  substantial  or  lasting  injury. 

Section  B.  Frugivora  {Megacheiroptera).  —  In  the  fruit- 
eaiing  section  of  the  Cheiroptera  are  only  the  Pltropidm  or  the 
Fox-bats,  so  called  from  the  resemblance  of  the  head  to  that 
of  a  fox  (fig.  387,  B).  The  head  in  these  bats  is  long  and 
pointed.  The  ears  are  of  moderate  size,  and  the  nose  is 
destitute  of  any  appendages.  Cutting  incisors  and  canines 
are  present  in  both  jaws,  and  the  Fox-bats  do  not  refuse  to  eat 
small  birds  or  mammals.  They  live,  however,  mostly  upon 
fruits,  and  the  molars  are  therefore  not  cuspidate,  but  are 
fiimisbed  with  blunt  tubercular  crowns.  The  tail  is  very  short, 
or  is  entirely  absent.  The  Pteropidee  are  amongst  the  largest 
of  the  Bats;  one  species — the  Pteropus  edulis,  or  Kalong — 
attaining  a  length  of  from  four  to  five  feet  from  the  tip  of  one 
wing  to  that  of  the  other.  The  Pteropidx  are  especially  char- 
acteristic of  the  Pacific  Archipelago — Java,  Sumatra,  Borneo, 
&c. — but  they  also  occur  in  Asia,  Australia,  and  Africa.  They 
do  not  occur,  however,  in  either  North  or  South  America. 

As  regards  the  distribution  of  the  Cheiroptera  in  time,  the 
Order  dates  from  the  Eocene  Tertiary,  where  we  find  the  re- 
mains of  Vesperlilionida,  essentially  similar  to  existing  forms. 
Professor  Marsh  has  also  detected  the  remams  of  the  first 
2  Z 
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American  Tertiary  Bats  hitherto  discovered  in  the  Eocene  of 
Wyoming.  No  fossil  remains  of  Pterapidm  are  known,  but 
the  bone-caves  of  Brazil  (Post-Pliocene)  have  jdelded  traces 
of  several  species  of  Phyilostomida. 


CHAPTER  LXXIX. 

INSECTIVORA. 


Order  XV.  Insectivora. — ^The  fifteenth  order  of  Mammals  is 
that  of  the  Insectivora^  comprising  a  number  of  small  Mammals 
which  are  very  similar  to  the  Rodents  in  many  respects,  but 
want  the  peculiar  incisors  of  that  order,  and  are  likewise  alwap 
furnished  with  clavicles. 

In  the  Insectworay  all  the  three  kinds  of  teeth  are  usually  fre- 
senty  but  the  exact  nature  of  the  dentition  varies  considerably  /« 
different  cases.  T/ie  incisors  and  canines  present  little  special,  but 
the  molars  are  always  serrated  with  numerous  small  fantd 
eminences  or  aisps^  adapted  for  crushing  insects.  With  one  ex- 
ception, clavicles  are  always  present  in  a  complete  form.  All  the 
feet  are  usually  furnished  with  five  toes  ;  all  the  toes  are  furnished 
with  claws  ;  and  the  animal  ivalks  on  the  soles  of  the  feet ^  oris 
plantigrade.  The  testes  pass  periodically  from  the  abdomen  into  a 
temporary  scrotum  ;  and  t/ie  placenta  is  deciduate  and  disaidal. 
They  are  mostly  nocturnal  and  subterranean,  and  generally 
hybemate.  They  are  all  of  small  size,  and  are  found  even- 
where,  except  in  the  continents  of  South  America  and  Aus- 
tralia, where  their  place  is  filled  by  Marsupials. 

The  order  Insectivora  has  been  divided  variously  by  differ- 
ent authorities,  but  the  following  are  the  principal  families  :— 

Fam,  I.  Talpidce, — ^The  body  in  this  family  is  covered  with 
hair ;  the  feet  are  formed  for  digging  and  burrowing,  and  the 
toes  are  furnished  with  strong  curved  claws.  There  are  no 
external  ears ;  and  the  eyes  in  the  adult  are  rudimentary,  and 
more  or  less  completely  useless  as  organs  of  vision.  The  cb- 
vicles  are  strong,  the  arm  very  short,  the  hand  wide,  and  the 
palm  turned  outwards  and  backwards.  The  fur  is  short  and 
velvety,  and  the  tail  very  short  or  wanting,  in  most  cases. 

The  common  Mole  (Talpa  Europaa,  fig.  389)  is  the  only 
British  species  of  the  family,  and  is  too  well  known  to  need 
any  description.  The  star-nosed  moles  (  Cofidylura)  arc  North 
American,  and  are  distinguished  by  a  fringe  of  elongated  mem- 
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branous  caruncles  surrounding  the  nostrils.    The  tail  is  moder- 
ately long. 

Also  North  American  is  the  genus  Scalops,  comprising  the 
so-called  Shrew-moles.     In  this  genus  the  tail  is  short,  the 


Fig.  j88.-ad*-' 


(Afuc  Gi 


E^r^t^uii. 


muzzle  is  long,  with  the  nostrils  at  its  extremity,  and  the  eyes 
are  very  small  and  are  hidden  in  the  fur.  The  common 
Shrew-mole  {Scalops  aqualicus)  has  the  feet  webbed,  and  is 
found  everywhere  in  the  United  States  east  of  the  Mississippi 
A  more  remarkable  form  of  the  Talpida  is  the  Golden  Mole 
(ChryseclUoris  aureus)  of  Africa.  In  fonti  and  habits  this  species 
resembles  the  common  Mole,  but  the  hairs  of  the  fur  have  the 
property  of  dispersing  the  rays  of  light,  and  thus  of  giving  rise 
to  beautiful  metallic  colours,  such  as  are  produced  by  the  "sets" 
of  the  Sea-mice  (Aphroiiite)  amongst  the  Annelidcs.  The  fore- 
feet in  this  genus  have  only  three  toes,  and  the  dentition  is 
quite  peculiar. 

Lastly,  in  the  curious  genus  Urotrichus,  of  Japan  and  the 
north-west  of  America,  the  nose  is  long  and  cylindrical,  termi- 
nated by  a  naked  fleshy  bulb,  and  extremely  sensitive,  the  tail 
is  moderately  developed  and  hairy,  and  the  fore-feet  are  adapted 
for  burrowing.  Some  singular  genera  of  this  family  have  also 
been  recently  discovered  in  North  China  and  Thibet 

Fam.  2.  Potamogatida. — This  family  merely  requires  to  be 
mentioned  as  founded  for  the  reception  of  a  single  genus 
{Potamogaie),  comprising  only  a  single  species  {P.  velox).  This 
animal  is  a  curious  Otter-like  Insectivore,  which  leads  a  semi- 
aquatic  life,  to  which  end  it  has  a  long  compressed  taiL  It  is 
confined  to  the  west  of  Africa, 

Fam.  3.  Soricida. — The  Soridda  or  Shrew-mice  are  distin- 
guished by  having  the  body  covered  with  hair,  and  the  feet  not 
adapted  for  digging;  whilst  there  arc  mostly  external  ears,  and 
the  eyes  are  well  developed.  Of  all  the  Insectivora,  no  division 
is  more  abundant  or  more  widely  distributed  than  that  of  the 
Shrew-mice.     In  general  form  and  appearance  the  Shrews  veiy 
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closely  resemble  the  true  Mice  {Murida)  and  the  Dotntice 
(Myoxida),  but  they  arc  in  reality  widely  different,  and  mua 


Fil.  )S}.— Eunpeu  Mole  ijalfa  Emvfni- 

not  be  confounded  with  them.  The  common  Shrew  {Sonx 
rmtiais)  and  the  Water-Shrew  (Crossopus  fodieni)  are  both 
well-known  British  species  of  this  family.  The  smallest  known 
Mammal  is  one  of  the  Shrews  (Sorex  Etruscus),  which  is  nol 
more  than  two  and  a  half  inches  in  length,  counting  in  ihe 
tail. 

The  Desmans  or  Musk-rats,  forming  the  genus  Myogili, 
are  sometimes  placed  here,  sometimes  in  the  family  of  the 
Talpida.  They  have  the  nose  prolonged  into  a  kind  of 
flexible  proboscis,  whilst  the  feet  are  webbed,  and  the  tail  is 
compressed,  thus  adapting  the  animal  for  a  semi-aquatic  liff- 
Only  two  species  are  known,  one  found  in  south-eastern  Rus- 
sia, the  other  in  the  Pyrenees. 

Fam.  4.  Eriniueida. — The  fourth  family  of  the  Insedn-ora  is 
that  of  the  Hedgehogs,  characterised  by  the  fact  that  the  upper 
part  of  the  body  is  covered  with  prickly  spines,  the  feet  are  nol 
adapted  for  digging,  and  they  have  the  power  of  rolling  them- 
selves into  a  ball  at  the  approach  of  danger.  The  common 
Hedgehog  {Erinaceus  Europaui)  is  in  every  way  a  typical  ei- 
ample  of  this  family,  but  is  too  well  known  to  require  any  (^^ 
scription.  Other  species  of  the  family  are  found  in  North  and 
South  Africa  and  in  Asia. 

Fam.  5.  Centetida. — The  most  typical  members  of  this  &- 
mily  are  the  "Tenrecs"  {Ceiitrles)  of  Madagascar.  These  we 
small  animals  resembling  the  Hedgehogs  in  appearance  and 
habits,  and  having  the  back  covered  with  hair  intermixed  fitli 
short  prickles,  but  destitute  of  the  power  of  rolling  themselvo 
into  a  ball.  They  have  a  long  proboscis-like  nose,  and  tt* 
tail  is  rudimentary  or  absent     Related  to  the  Tenrecs  is  the 
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curious  genus  Solenodan  of  Cuba  and  Hayti,  in  which  the  nose 
is  very  long  and  pointed,  the  tail  is  long  and  scaly,  and  the 
body  is  covered  with  coarse  fur,  without  spines.  The  two 
central  incisors  of  the  lower  jaw  are  small,  and  are  placed 
between  long  conical  lateral  incisors,  which  are  deeply  grooved 
on  their  inner  surfaces.  We  may  also  place  here  the  singular 
Gymnura  of  Borneo,  Sumatra,  and  the  Malay  Peninsula.  In 
this  genus,  the  body  is  covered  with  long,  coarse  fur,  the  tail  is 
long  and  scaly,  the  snout  is  long,  and  the  feet  are  five-toed. 

Fam,  6.  TupaiidcB, — The  best  known  members  of  this  family 
are  the  "  Banxrings"  or  "  Squirrel-Shrews*'  (Tupaia)  of  India 
and  the  Malay  Archipelago.  These  are  squirrel-like  Insect- 
ivores,  with  long  bushy  tails,  the  feet  plantigrade,  five-toed, 
with  naked  soles,  and  sickle  -  shaped  claws.  They  climb 
actively  amongst  the  trees,  and  also  run  with  facility  upon  the 
ground.  Closely  allied  to  the  Tupaia  is  the  little  Ptilocercus 
of  Borneo,  in  which  the  tail  is  very  long,  and  the  hairs  towards 
its  extremity  are  arranged  like  the  barbs  of  a  feather. 

Fam,  7.  Macroscelida, — This  family  includes  only  the  little 
"  Elephant-Shrews  *'  {Macroscelides)  of  Southern  and  Northern 
Africa.  They  are  readily  distinguished  by  their  extraordi- 
narily elongated  trunk-like  nose,  resembling  the  proboscis  of 
an  Elephant,  and  their  very  long  Kangaroo-like  hind-legs. 

Fam,  8.  Galeopithecidce. — This  family  has  been  constituted 
for  the  reception  of  a  very  singular  animal  which  forms  a  kind 
of  connecting  link  between  the  orders  of  the  Insectivora  and 
Quadrumana^  having  been  sometimes  placed  in  the  one  and 
sometimes  in  the  other,  or  having  been  regarded  as  the  type 
of  a  separate  order.  The  family  includes  only  the  single  genus 
GalcopiiJucus^  comprising  the  so-called  "  Flying  Lemurs."  All 
the  Galeopitheci  inhabit  the  Indian  Archipelago,  but  the  best 
known  is  the  Galeopithccus  volans  of  Malacca,  Sumatra,  and 
Borneo.  The  most  characteristic  point  in  this  singular  animal 
is  the  presence  of  a  flying  membrane,  presenting  some  super- 
ficial resemblance  to  the  patagium  of  the  Bats,  but  in  reality 
very  much  the  same  as  the  integumentary  expansions  of  the 
Flying  Squirrels  and  Flying  Phalangers.  This  membrane  in 
the  Gakopithecus  extends  as  a  broad  expansion  from  the  nape 
of  the  neck  to  the  arms,  from  the  arms  to  the  hind-legs,  and 
from  the  hind-legs  to  the  tail,  forming  an  inter-femoral  mem- 
brane. The  fingers  are  not  elongated,  and  do  not  support  a 
patagium,  as  in  the  Bats,  so  that  the  animals  have  no  power  of 
true  flight,  and  can  simply  take  extended  leips  firom  tree  to 
tree.  The  feet  are  furnished  with  five  toes  each,  united  by  a 
membrane,  but  neither  the  hallux  nor  the  pollex  are  opposable 


ciiili£,  and  CenUtidii,  a[)pear  to 
The  geol<^cal  distribution  of  i 
points  of  special  interest 


QUADR 


Order  XVI.  Quadrumana.- 
mals  is  that  of  the  Quadruma 
keys.  Baboons,  Lemurs,  &c, 
points ; — 

Tlu  hallux  {innermost  toe  oj 
the  other  toes,  and  is  opposabl 
become  prehensile  hands.  The 
limbs)  may  be  vianling,  but  wht 
able  to  the  other  digits,  so  that 
manous,  or  four-handed. 

The  incisor  teeth  generally  a 
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characterised  by  the  nostrils  being  curved  or  twisted,  whilst 
the  second  digit  of  the  hind-Hmb  has  a  daw.  This  section 
includes  the  true  Lemurs  and  a  number  of  allied  fonns.  It  is 
chiefly  referable  to  Madagascar  as  its  geographical  centre ;  but 
it  spreads  westwards  into  Africa,  and  eastwards  into  the  Indian 
Archipelago. 

Seetien  £.  Platyrhina. — This  section  includes  those  Quad- 
mmana  in  which  the  nostrils  are  placed  far  apart ;  the  thumbs 
of  the  fore-feet  are  either  wanting,  or,  if  present,  are  not  oppos- 
able to  the  other  digits ;  and  the  tail  is  generally  prehensile. 
The  Platyrhine  Monkeys  are  exclusively  confined  to  South 
America. 

Section  C.  CiUarhina. — In  this  section  the  nostrils  are  ob- 
lique, and  placed  close  together.     The  thumb  of  the  fore-limb 


Fiff-  390. — Ct«ii  Mt 


(pollex),  with  one  exception,  is  present,  and  is  always  oppos- 
able to  the  other  digits.  The  Catarhine  Monkeys  are  restricted 
entirely  to  the  Old  World,  and,  with  the  single  exception  of  a 
Monkey  which  inhabits  the  Rock  of  Gibraltar,  they  are  exclu- 
sively confined  to  Africa  and  Asia.  It  is  in  the  Catarhine  sec- 
tion of  the  Quadrumana  that  we  have  the  highest  group  of 
the  Monkeys— that,  namely,  of  the  Anthropoid  or  Tail-less 
Apes. 


feet,  are  furnished  sviih  iiaiis. 

This  section  is  often  called  th 
eludes  several  families,  of  which 
Lemurs  are  the  most  important 
pithectis  is  also  placed  in  this  seci 

Milne-Edwards  and  Gervais, 
placentation  of  the  Lemuroids  ar 
conclude  that  the  group  should 
tinct  order  intermediate  between 


The  family  of  the  Aye-Ayes  ■ 
single  animal,  the  Cheiromys  Mat, 
the  Aye-Aye  is  not  very  unlike  a 
body  and  a  long  bushy  tail.  Tl 
molars  are  separated  by  a  wid' 
The  incisors  are  plough  share^b 
nent  pulps,  as  in  the  Rodents, 
armed  with  strong  claws,  but  th< 
to  the  other  digits.  The  tniddle- 
ring-ftnger,  but  only  about  half 
being  hairless.  The  hind-feet  h 
the  hallux  is  opposable,  and  the  : 
a  long  claw.  As  far  as  is  yet  kn< 
confined  to  Madagascar. 
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together.     The  species  of  this  family  are  2II  of  stnall  size,  and 

are  exclusively  confined  to  the  eastern  portion  of  the  Old 
World,  (Kcurring  in  Java,  Ceylon,  the  southern  parts  of  Asia, 
and  other  localities  in  the  same  geographical  area.  They  are 
nocturnal  in  their  habits,  living  mostly  on  trees,  and  feeding 
upon  insects ;  and  from  the  slowness  with  which  some  of  them 
prt^ess,  they  are  sometimes  spoken  of  as  "  Slow  Lemurs." 
The  best-known  species  are  the  Slender  I-oris  (Z.  gracilis)  of 
Ceylon,  and  the  Nyclicebus  lardigradus  of  the  East  Indies. 
Here  also  belong  the  "  Pottos  "  (Perodicttcus)  of  Siena  Leone, 
in  which  the  index-finger  is  rudimentary,  and  the  Ardoeebus  of 
Old  Calabar,  in  which  this  digit  is  completely  wanting. 

The  largest  and  most  important  of  the  families  of  the  Strep- 
sirhina  is  that  of  the  Lemurida  or  Lemurs.     In  this  family  the 


Fig'  J91.— Sidfrficw  of  the  ikiillara  Lemnrail  iSlmoAi  taniieradnt).    (AAei  Gicbcl). 


muzzle  is  elongated,  the  feet  are  all  furnished  with  opposable 
thumbs,  and  the  nails  on  all  the  toes  are  flat,  with  the  excep- 
tion of  the  second  toe  of  the  hind-foot,  in  which  there  is  a  long 
and  pointed  claw.  The  body  is  covered  with  a  soft  fur,  and 
the  tail  is  usually  of  considerable  length,  and  is  covered  with 
hair.  They  are  easily  domesticated ;  and  though  capable  of 
biting  pretty  severely,  their  disposition  is  gentle  and  docile. 
They  are  mostly  about  the  size  of  cats,  and  not  unlike  them  in 
apf)earance,  being  often  termed  "  Madagascar  cats  "  by  sailors. 
They  are  found  almost  exclusively  in  the  great  forests  of 
Madagascar,  moving  about  amongst  the  trees  with  great  activ- 
ity, by  means  of  their  prehensile  tails.  They  appear  to  fill 
in  Madagascar  the  place  occupied  by  the  higher  (^adrvmana 
upon  the  adjoining  continent  of  Africa.  The  largest  species 
is  the  Indri,  which  has  very  long  hind-legs,  and  stands  as  much 
as  three  feet  in  height 

The  "Gal^os"  {Galago),  sometimes  raised  to  the  rank  of  a 
'  distinct  family,  are  the  only  members  of  the  Lemuridct  which 
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occur  out  of  Madagascar^  and  they  are  confined  to  the  conti- 
nent of  Africa. 

Platyrhina. 

The  section  of  the  Platyrhine  Monkeys  is  exclusively  con- 
fined to  South  America,  and  one  of  its  loEiding  characters  is  to 
be  found  in  the  almost  universal  possession  of  a  prehensile 
tail ;  this  being  an  adaptive  character  by  which  they  are  suited 
to  the  arboreal  life  which  so  many  of  the  South  American 
Mammals  are  forced  to  lead.  There  are  neither  cheek - 
pouches  nor  natal  callosities,  and  there  is  an  additional  pis- 
molar,  and  sometimes  a  molar  less  than  in  Man  and  the  Old 
World  Monkeys.   The  nostrils  are  simple,  wide  apart,  and  placed 

nearly  at  the  extremity  of  the  snout    The  praemolars  are  3ll^ 

in  number,  and  have  blunt  tubercles.  The  thumbs  of  the  fore- 
hands are  either  wanting  altogether,  or,  if  present,  are  not 
opposable,  though  versatile. 

The  Platyrhine  Monkeys  are  divided  into  the  two  principal 
sections  of  the  Hapalida  and  Cebida, 

Fanu  I.  Hapalida  (Arcfoptt/iect), — In  this  family  the  num- 
ber of  teeth  is  the  same  as  in  the  Old  World  Monkeys  and  in 
Man,  but  there  is  an  additional  praemolar  on  each  side  of  each 
jaw,  and  a  molar  less.  According  to  Owen,  the  dental  fonnuJa 
of  the  Marmoset  is — 

.  2^-2  I  —  I        .       3 — 3  2 — 2 

/    —  y  c  y  pm  ^ — ^  ;  m =  32. 

2—2'      I— i'^     3—3'       2—2     ^ 

The  molars,  however,  are  tuberculate,  and  though  the  num- 
ber of  teeth  is  the  same  as  in  the  Catarhine  Monkeys,  in 
their  other  characters  the  Marmosets  are  genuine  Platyrhines 
The  hind-feet  have  an  opposable  hallux  with  a  flat  nail,  but  all 
the  other  toes  are  unguiculate,  and  the  poUex  is  not  at  all 
opposable.     The  tail  is  long,  but  is  not  prehensile. 

The  HapalidcB  are  all  small  monkeys,  mostly  about  as  big 
as  Squirrels,  and  they  are  exclusively  South  American,  occur- 
ring especially  in  Brazil.  The  best-known  species  is  the  com- 
mon Marmoset  {Hapale  penicillata),  but  several  species  are 
domesticated  and  kept  as  pets. 

Fam,  2.  Cebidce., — In  this  family  are  all  the  typical  Platy- 
rhine Monkeys,  in  which  the  dentition  differs  from  that  of  the 
Hapalidcs^  in  having  an  additional  molar,  so  that  the  molai? 
are  the  same  as  in  the  Caiarhma  and  in  Man,  but  the  pfl^ 
molars  are  more  numerous.     The  dental  formula  is 
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.  2 — 2         I — I      .      3 — X  7. — 7.       ^ 

2—2        I— I  3—3         3—3 

ere  are  neither  cheek -pouches  nor  "  callosities  ; "  and  the 
s  usually  more  or  less  naked,  though  sometimes  whis- 
.  The  tail  is  long,  and  is  mostly  prehensile ;  though  in 
istances  it  is  non-prehensile,  and  has  its  extremity  clothed 
lairs.  The  thumb  of  the  fore-hand  may  be  wanting,  and, 
wnt,  is  not  opposable.  All  the  fingers  are  furnished  with 
ails.  Their  diet  is  miscellaneous,  consisting  patfly  of 
s  and  partly  of  fruit 
e  CebidcB  are  exclusively  confined  to  the  warmer  parts  of 

America,  in  the  vast  forests  of  which  they  are  met  with 
:ge  troops,  climbing  amongst  the  trees.  The  Spider 
:eys  {Atcles\  the  Howling  Monkeys  {Mycetes\  the  "  Sapa- 

(Cebus),  and  the  Squirrel  Monkey  (Callithrix)^  may  serve 
deal  examples  of  this  section  of  the  Quadrumana.     In 

the  tail  is  long,  slender,  and  powerfully  prehensile ;  and 
nbs  are  very  long  and  slender.  The  pollex  is  absent,  or 
te  rudimentary.  In  Mycetcs  there  is  a  bony  drum  which 
ned  by  a  convexity  of  the  os  hyoides  and  communicates 
the  larynx.  The  voice  is  thus  rendered  extraordinarily 
mt  The  pollex  is  not  opposable,  but  is  placed  on  a 
rith  the  other  fingers. 

the  so-called  "  Sakis  "  (Pitheciida)  the  tail  is  sometimes 
{Pithecia\  sometimes  short  (Brachyurus),  but  is  never 
nsile,  while  the  lower  incisors  are  inclined  forwards.  The 
"  Night-Apes  "  (Nydipithccm)  also  have  non-prehensile 
but  the  lower  incisors  are  vertical,  and  the  eyes,  in 
lance  with  the  nocturnal  habits  of  the  animal,  are  of 
ise  size. 

Catarhina. 

» third  and  highest  section  of  the  Quadrumana  is  that  ot 
atarhina  or  Old  World  Monkeys.  In  this  section  the 
Is  are  oblique,  and  are  placed  close  together,  and  the 
n  narium  is  narrow.  The  thumbs  of  all  the  feet  are 
able,  so  that  the  animal  is  strictly  quadrumanous.  In 
iS  alone  the  anterior  thumbs  (pollex)  are  wanting.  The 
\  formula  is  the  same  as  in  man,  viz. : — 

.  2 — 2        I — I      .      2 — 2  X — X 

t :  c :  pm :  m  ^ — *^  =  32. 

2 — 2        I — I  2 — 2         3 — 3 

!  incisors,  however,  are  projecting  and  prominent,  and 
nines — especially  in  the  males — are  large  and  pointed. 
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Moreover,  the  teeth  form  an  uneven  series,  interrupted  by  a 
diastema  or  interval  The  tail  is  never  prehensile,  and  is 
sometimes  absent  Cheek-pouches  *  are  often  present,  and  the 
skin  covering  the  tubera  ischii  is  almost  always  callous  and 
destitute  of  hair,  constituting  the  so-called  ''  natal  callosities." 
With  the  single  exception  of  a  Monkey  which  inhabits  the 
Rock  of  Gibraltar,  all  the  Catarhina^  as  before  remarked,  are 
natives  of  Africa  and  Asia. 

There  are  three  well-marked  groups  or  tribes  of  the  Cata- 
rhine  'Monkeys.     In  the  first  of  these  the  tail  is  long,  and  there 
are  generally  both  cheek-pouches  and  natal  callosities.     In  this 
tribe  is  the  genus  Semnopithecus^  in  which  cheek-pouches  are 
absent,  and  the  thumb  is  small,  and  all  the  species  of  which 
are  natives  of  Asia  and  the  Indian  Archipelaga     One  of  the 
best-known  species  is  the  Sacred  Monkey  of  the  Hindoos 
{Sentnopithecus  mielliis).     Closely  allied  to  the  Semnopithed  is 
the  genus  Colobus  of  Africa,  in  which  cheek-pouches  are  also 
absent,  and  in  which  alone,  of  all  the  Catarhine  Monkeys,  the 
pollex    is   either    altogether    absent   or  totally  rudimentan*. 
Closely  allied  to  Semnopiiheais^  also,  is  the  Proboscis  Monkey 
or  Kahau  (Presbytis  rjasalis),  distinguished  by  its  elongated 
proboscidiform  nose,  short  pollex,  and  long  tail.     Here  also 
come  the  little  G\xtr\ons  {Cercocebus  and  Ccrcopithecus^  fig.  390), 
all  of  which  are  confined  to  Africa.     Also  referable  to  this 
division  is  the  genus  Macaais  or  Inuus  (comprising  the  Ma- 
caques), which  includes  most  of  the  Monkeys  which  are  ordi- 
narily brought  to  this  country.     It  is  a  Macaque  which  occurs 
at  the  Rock  of  Gibraltar,  and  is  the  only  wild  Monkey  which 
is  found  in  P^urope  at  the  present  day.     Alost  of  the  Macaques 
are  Asiatic,  and  a  good  example  is  the  Wanderoo  {M,  Siicnus) 
of  India. 

The  second  tribe  of  the  Catarhine  Monkeys  is  that  of  the 
Baboons  {Cyfwccphalus).  In  these  forms  the  tail  is  mostly 
short,  and  is  often  quite  rudimentary.  The  head  is  large,  and 
the  muzzle  (fig.  392)  is  greatly  prolonged,  having  the  nostrils 
at  its  extremity.  The  facial  angle  is  about  30°,  and  the  whole 
head  has  much  the  aspect  of  that  of  a  large  dog.  The  natal 
callosities  are  generally  large  and  conspicuous,  and  usually  of 
some  bright  colour.  The  Baboons  are  large  strong  animals, 
extremely  unattractive  in  outward  appearance,  and  of  great 
ferocity.  The  fore  and  hind  limbs  are  nearly  of  equal  length, 
and,  more  than  any  other  of  the'  Monkeys,  they  employ  the 
fore-limbs    in   terrestrial  progression,  running  upon  all-fours 

*  The  cheek-pouches  are  sacs  or  cavities  in  the  checks,  which  open  in'*' 
the  mouth,  and  serve  to  hold  any  superfluous  food. 
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with  the  greatest  ease.     They  are  mainly  inhabitants  of  Africa, 
and  one  of  them,  the  Mandrill  {Cynecephalui  Maimon),  attains 


il]  of  B  Babooa  {.Cfiacifhaliu  s 


very  nearly  the  height  of  a  man.  The  best-known  species  are 
the  Chacma  {Cynocephalus  porearius),  the  Derrias  {C.  Hama- 
dryas),  the  Common  Baboon  ( C.  papio),  and  the  Mandrill.  The 
Denias  is  found  in  Arabia  and  Abyssinia,  and  occurs  both 
embalmed  and  sculptured  upon  ancient  monuments  in  Egypt 
and  Nubia,  The  Mandrill  is  rendered  probably  without  ex- 
ception the  most  disgustingly  hideous  of  living  beings  by  the 
possession  of  large  blood-red  natal  callosities  and  of  enonnous 
cheek-protuberances  striped  with  brilliant  colours  in  alternate 
ribs.  The  genus  Cynopithecus  includes  a  baboon-like  monkey 
which  is  found  in  Celebes  and  the  Philippine  Islands. 

The  third  family  of  the  Catarhine  Monkeys  is  that  of  the 
Anthropomorphous  or  Anthropoid  Apes,  so  called  from  their 
making  a  nearer  approach  in  anatomical  structure  to  man  than 
is  the  case  with  any  other  Mammal.  The  members  of  this 
family  are  Apes  in  which  there  is  no  tail,  and  cheek-pouches 
are  absent,  whilst  in  some  cases  there  are  also  no  natal  callo- 
sities. They  agree  with  man  in  the  possession  of  a  broad  flat 
sternum  (whence  their  name  of  "  Latistemal "  Apes),  in  having 
an  appendix  vermiformis  to  the  aecum,  and  in  the  fact  that  the 
liver,  except  in  the  Gorilla,  is  of  a  very  simple  structure.  The 
hind-legs  are  short  —  shorter  than  the  fore-limbs  —  and  the 
animal  can  progress  in  an  erect  or  semi-erect  position.  At 
the  same  time,  the  thumbs  of  the  hind-feet  (hallux)  are  oppos- 
able to  the  other  digits,  so  that  the  hind-feet  are  prehensile 
liands.  The  spine  shows  a  single  curve,  and  articulates  with 
the  back  pan  of  the  skull.     The  canine  teeth  of  the  males  are 
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long,  strong,  and  pointed,  but  this  is  not  the  case  with  the 
females.  The  structure,  therefore,  of  the  canine  teeth  is  to  be 
regarded  in  the  light  of  a  sexual  peculiarity,  and  not  as  having 
any  connection  with  the  nature  of  the  food. 

In  this  tribe  are  the  Gibbons  {Hylobaies)^  the  Orang-outang 
{Simla  satyrus)j  the  Chimpanzee,  and  the  Gorilla. 

The  Gibbons  form  the  genus  Hylobates^  and  they  belong  to 
southern  Asia  and  the  Indian  Archipelago.  The  anterior  limbs 
are  extremely  long,  and  the  hands  nearly  or  quite  reach  the 
ground  when  the  animal  stands  in  an  erect  posture.  There  is 
no  tail,  but  there  are  natal  callosities.  The  body  is  covered 
with  a  thick  fur.  The  sternum  is  wider  than  in  the  other 
Apes,  and  the  chin  is  better  developed.  One  of  the  best 
known  of  the  Gibbons  is  the  Siamang  (Hylobaies  syndactylus\ 
which  has  been  sometimes  regarded  as  making  a  nearer  q>- 
proach  to  man  than  any  other  of  the  Monkeys.  It  is  a  native 
of  Sumatra.  It  is  the  largest  of  the  Gibbons,  and  derives  its 
specific  name  from  the  fact  that  the  index  and  middle  toes  of 
the  hind-foot  are  united  to  one  another  by  skin  as  far  as  the 
nail  joint.  Another  well-known  species  is  the  common  Gibbon 
(H.  lar). 

In  the  Orang  or  "  Mias  "  {Simla  safyrus)  there  are  neither 
cheek-pouches  nor  natal  callosities,  and  the  hips  are  covere<i 
with  hair.  As  in  the  Gibbons,  the  arms  are  excessively  long, 
reaching  considerably  below  the  knee  when  the  animal  stands 
in  an  erect  posture.  The  hind-legs  are  very  short,  and  there 
is  no  tail.  When  full  grown  the  Orang  stands  about  four  feet 
high.  It  never  progresses  with  the  help  of  a  stick,  or  walks 
erect  at  all,  except  along  the  branches  of  trees,  supporting  itself 
by  a  higher  branch,  or  when  attacked.  When  young,  the  head 
of  the  Orang  is  not  very  different  from  that  of  an  average 
European  child ;  but,  as  the  animal  grows,  the  facial  bones 
become  gradually  produced,  whilst  the  cranium  remains  in  a 
tolerably  stationary  condition  ;  great  bony  ridges  are  developed 
for  the  attachment  of  the  muscles  of  the  jaws  and  face ;  the 
incisors  project ;  and  ultimately  the  muzzle  becomes  as  pro- 
nounced and  well-marked  a  feature  as  in  the  typical  CamirorJ 
(fig-  393>  A).  The  Orangs  are  inhabitants  of  Sumatra  and 
Borneo.  They  are  arboreal  in  their  habits,  and  form  for  them- 
selves a  sort  of  nest  or  shelter  amongst  the  trees.  The  fore- 
head is  rounded,  the  cerebrum  is  greatly  convoluted,  and  the 
canine  teeth  of  the  full-grown  males  are  very  large. 

The  genus  Troglodytes  contains  the  Chimpanzee  (7!  nl;(T\ 
and  the  Gorilla  (7!  Gorilla).  The  Chimpanzee  is  a  native  of 
Western  Africa,  and  has  the  arms  much  shorter,  proportionately. 
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BO  in  the  Gibbons  and  Orangs ;  still  they  are  much  longer 
an  the  hind-limbs,  and  they  reach  beneath  the  knee  wben 


e  animal  stands  erect.  The  eats  in  the  Chimpanzee  are 
rge,  and  the  body  is  covered  with  dark  brown  hair.  The 
limal  can  stand  erect,  but  the  natural  mode  of  progression  is 
1  all-fours.  The  hands  are  naked  to  the  wrist,  and  the  face 
also  naked,  and  is  much  wrinkled.  The  Chimpanzee  lives 
society  in  wooded  districts,  constructs  huts,  and  can  defend 
self  against  even  the  Elephant. 

The  Gorilla  is  in  most  respects  the  same  as  the  Chimpan- 
re,  but  is  much  larger,  attaining  a  height  of  fully  five  feet 
he  hind-limbs  are  short,  and  the  ears  small.  It  is  an  enor- 
ously  strong  and  ferocious  animal,  and  is  found  in  Lower 
uinea  and  in  the  interior  of  equatorial  Africa.  It  possesses 
laryngeal  sac,  has  a  most  appalling  voice,  and  is  polygamous, 
he  Gorilla  has  been  often  regarded  as  the  most  human  of 
e  Anthropoid  Apes,  but  many  of  the  highest  authorities 
ilieve  that  the  Gibbons  have  a  greater  claim  to  occupy  this 
)5ition. 

As  regards  the  distribution  of  the  Quadrumana  in  time,  the 
irliest  representatives  of  the  order  appear  to  be  found  in  the 
ocene  Tertiary.  In  deposits  of  this  age  in  Wyoming,  Pro- 
ssor  Marsh  has  discovered  several  forms  apparently  related 
i  both  the  Lemuroids  and  the  Platyrhines.  They  form  the 
fo  families  of  the  Lemuravids,  of  which  the  principal  genus 
Itmuravus)  has  forty-four  teeth,  and  Limnotherida,  in  which 
ere  are  only  forty  teeth.  Remains  of  Lemuroids  have  also 
MD  lound  in  the  Eocene  of  Europe.    The  first  remains  of  the 
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higher  Quadrumana  appear  in  the  Miocene.    The  two  most 
important  of  these  are  Fliopithecus  (fig.  394)  and  Dryopithaus, 


Fig.  394.— Lower  jaw  of  PUopithecns  anHqumt.    Miooene. 

both  of  which  are  European,  and  both  of  which  belong  to  the 
section  of  the  Catarhine  Monkeys,  which  are  at  present  char- 
acteristic of  the  Old  World;  the  former  being  most  nearly 
allied  to  the  living  Semnopitluci,  the  latter  to  the  Gibbons.  It 
is  interesting  to  notice  that  the  American  fossil  monkeys— 
from  the  later  Tertiary  deposits  of  South  America — belong  to 
the  division  of  the  Quadrumana  now  peculiar  to  that  continent 
— to  the  section,  namely,  of  the  Platyrhine  Monkeys. 


CHAPTER    LXXXL 


BIMANA, 

Order  XVII.  Bimana. — This,  the  last  remaining  order  of  the 
Mammalta,  comprises  Man  {Homo)  alone,  and  it  will  therefore 
require  but  little  notice  here,  the  peculiarities  of  Man's  mental 
and  physical  structure  properly  belonging  to  other  branches  of 
science. 

Zoologically,  Man  is  distinguished  from  all  other  Mammals 
by  his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to.progression  and  to  sup 
porting  the  weight  of  the  body.  The  anterior  limbs  are  shorter 
than  the  posterior,  and  have  nothing  whatever  to  do  with  pro- 
gression.   The  thumb  is  opposable,  and  the  hands  are  p^^ 
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hensile,  the  fingers  being  provided  with  nails.  The  toes  of  the 
hind-limb  are  also  furnished  with  nails,  but  the  hallux  is  not 
opposable  to  the  other  digits,  and  the  feet  are  therefore  useless 
as  organs  of  prehension.  The  foot  is  broad  and  plantigrade, 
and  the  whole  sole  is  applied  to  the  ground  in  walking. 

The  dentition  consists  of  thirty-two  teeth,  and  these  form  a 
nearly  even  and  uninterrupted  series,  without  any  interval  or 
diastema.     The  dental  formula  is — 

.  2 — 2        I — I      ^     2 — 2  ^ — 3 

/ ;  r     —  ;  /;;/ ;  m  y —  -  =  32. 

2 — 2       I — I  2 — 2         3 — 3 

The  brain  is  more  largely  developed  and  more  abundantly 
furnished  with  large  and  deep  convolutions  than  is  the  case 
with  any  other  Mammal.  The  mammae  are  pectoral,  and  the 
placenta  is  discoidal  and  deciduate. 

Man  is  the  only  terrestrial  Mammal  in  which  the  body  is  not 
provided,  at  any  rate  dorsally,  with  a  covering  of  hair. 

The  zoological  or  anatomical  distinctions  between  Man  and 
the  other  Mammals  are  thus  seen  to  be  of  no  very  striking 
nature,  and  certainly  of  themselves  would  not  entitle  us  to  con- 
sider Man  as  forming  more  than  a  distinct  order.  When,  how- 
ever, we  take  into  account  the  vast  and  illimitable /xyr///V<7/ 
differences,  both  intellectual  and  moral  —  differences  which 
pHust  entail  corresponding  structural  distinctions  —  between 
Man  and  the  highest  Quadrumana^  it  becomes  a  question 
whether  the  group  Bimana  should  not  have  the  value  of  a 
distinct  sub-kingdom ;  whilst  there  can  be  little  hesitation  in 
giving  Man,  at  any  rate,  a  class  to  himself.  At  any  rate,  man's 
psychical  peculiarities  are  as  much  an  integral  portion,  or 
more,  of  his  totality,  as  are  his  physical  characters,  and,  as  Dr 
Pritchard  says, — "  The  sentiments,  feelings,  sympathies,  inter- 
nal consciousness,  and  mind,  and  the  habitudes  of  mind  and 
action  thence  resulting,  are  the  real  and  essential  character- 
istics of  humanity." 

As  regards  the  distribution  of  the  order  Bimana  in  time^  we 
have  doubtless  yet  much  to  learn.  So  far  as  is  certainly  kno^^ii 
at  present,  no  remains  of  Man,  in  the  form  of  bones  or  imple- 
ments, have  as  yet  been  detected  in  deposits  of  greater  age 
than  the  later  half  of  the  Post-Pliocene  period,  at  which  time 
Man  was  associated  in  Western  Europe  with  a  number  of  ex- 
tinct Mammalia. 
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GLOSSARY. 


AiJDOMES  (Lat.  afulu,  I  coiu'eal).  The  posterior  cavity  of  the  Wly,  contain- 
in^  the  iiite.stines  and  others  of  the  viscera.  In  manv  Iiivertehrates  there 
IS  no  separation  of  the  1>o<ly-cavity  into  thorax  and  alMlouien,  and  it  is  only 
in  the  higher  Anititl"sn  that  a  distinct  abdomen  can  be  said  to  exist. 

Abkkkant  (Lat.  aUrro^  I  wander  away).     Departinjc  from  the  regular  type. 

AunxJE.NtiLsia  (Gr.  «,  without ;  In'ox,  lile  ;  genesiJij  origin).  Siwntaneous  gene- 
ration, or  the  produotign  of  living  beings  without  pre-existent  life. 

Abnormal  (Lat.  abj  from  ;  nnntw,  a  rule).  Irregular ;  deviating  from  the 
onlinary  standard. 

Adomasi.'m.    The  fourth  cavity  of  the  complex  stomach  of  the  Ruminants. 

Abranchiate  (Gr.  a,  without;  brat/chia,  gills).  Destitute  of  gills  or  bran- 
cliiK*. 

Acaleph.e  (Gr.  akahphi^  a  nettle).  Applied  fonnerly  to  the  Jelly-fishes  or 
Sea-nettles,  and  otiirr  Riidiate  animals,  in  conse<juenct*  of  their  jx)wer  of 
.stinging,  rlerivi'd  from  the  presence  of  microscopic  cells,  called  *'threa«l- 
celis,"  in  the  integument. 

ArANTHoCKFHALA  (Gr.  akaiUha,  a  thorn  ;  kcphuJe,  head).  A  cla.ss  of  para- 
sitic worms,  in  which  the  head  is  anned  witii  spines. 

At'ANTHOMETRiNA  (Gr.  (da  tit  ha  ;  and  mHm,  the  womb).  A  family  of  P'/v>- 
(oztMif  characterised  by  having  radiating  siliceous  spines. 

AcANTHoiTERYOll  (Gr.  ithditha,  spine;  ptern.t.,  wing).  A  group  of  bony 
ti.shes  with  spinous  rays  in  the  front  part  of  the  dorsal  fin. 

AcARiNA  (Gr.  akari^  a  mite).  A  division  of  the  ArachnuUiy  of  which  the 
t'heesc-niite  is  the  type. 

Acephalous  (Gr.  a,  without ;  kephale^  head).  Not  posses-sing  a  distinct 
hdad. 

Acctabula  (Lat.  acHahnJvm^  a  cu]»).  Tlie  .suckers  with  which  the  cephalic 
jirocesses  of  many  CrphahjMKla  (Cuttle-fishes)  are  provMed. 

Ac  F.TABULUM.     The  cup-shai>«<l  socket  of  the  hip-joint  in  Vertebrata. 

AcoNTLv  (Gr.  (ikontum,  a  javdin).  Long  fihiments,  charged  with  thread-cells, 
.'ittached  to  the  free  edges  of  the  me.-^enteries  of  Sea-anemones. 

AcRiTA  (Gr.  akritos,  confused).  A  tt^nn  sometimes  employed  as  synonymous 
with  Pmtnztta^  or  the  lowest  <livision  of  the  animal  kingdom. 

AcTiNOMKRES  (Gr.  aktin„  a  ray  ;  fWfro*,  a  part).  The  loWs  which  are  mai>j)ed 
out  on  the  surface  of  the  body  of  the  C'/eno/>Aora,  by  the  ctenophores,  or 
romb-like  rows  of  cilia. 

AcTiNOSOMA  (Gr.  aktiii ;  and  somn^  l)ody).  Employerl  to  designat4j  the  entire 
body  of  any  Actinnzinin^  whether  tliis  lie  simi'le  (as  in  the  Sea-anemones), 
or  comjtosefl  of  several  zooids  ^as  in  most  Corals). 

ACTixoTROCHA  (Gr.  akdny  ray  ;  irochus,  wheel).  Tlie  form  of  Invertebrate 
lan*a  seen  in  some  of  the  Annelides,  &c.,  in  which  there  is  a  circlet  of  cilia 
round  the  anterior  extremity. 

AtTiNozoA  (Gr.  aktin  ;  and  c«v;?i,  an  animal).  That  division  of  the  ddtn- 
trrtitu  o{  wliich  the  Sea-anemones  may  be  taken  as  the  t^-pc. 
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Adelarthrosomata  (Or.  adelos,  hidden ;  arthros,  joint ;  aoma,  body).    An 

order  of  the  Arachnida. 
Agamic  (Or.  a,  without ;  gamoSy  marriage).    Applied  to  aU  fomis  of  repro- 
duction in  wliich  the  sexes  are  not  directly  concerned. 
Alla>*toidea.    The  ^up  of  Vertebrata  in  which  the  foetus  is  furnished  with 

an  allautois,  comprising  the  Reptiles,  Birds,  and  Mammals. 
Allantois  (6r.  alias,  a  sausage).    One  of  the  "  membranes"  of  the  foetns  in 

certain  Vertebrates. 
Alveou  (Lat.  dim.  of  alvua,  belly).    Applied  to  the  sockets  of  the  teeth. 
Ambulacra  (Lat.  ambuUtcrumj  a  place  for  walkiug).    The  perforated  spaces 

or  **  avenues"  tlirough  which  are  protruded  the  tube-feet,  by  means  of  which 

locomotion  is  effected  in  the  JSchtnodermaia. 
Ambulatory  (Lat.  ambuh,  I  walk).    Formed  for  walking.    Applied  to  a 

single  limb  or  to  an  entire  animaL 
Ametabolic  (Gr.  a,  without ;   metabolic  change).    Applied  to  those  insects 

which  do  not  possess  wings  when  perfect,  and  which  do  not,  therefoxv,  jtas 

through  any  marked  metamorphosis. 
Amnion  (Gr.  amnos,  a  lamb).    One  of  the  foetal  membranes  of  the  higher 

Vertebrates. 
Amniota.    The  group  of  Vertebraia  in  which  the  foetus  is  ftuniahed  with  an 

amnion,  comprising  the  Reptiles,  Birds,  and  Mammals. 
Am(£BA  (Gr.  anwiboSf  changing).    A  species  of  Rhizopod,  so  called  from  the 

numerous  changes  of  form  which  it  undergoes. 
Am(ebiform.     Resembling  an  Amoeba  in  form. 

Amorpuozoa  (Gr.  a,  without ;  marpht,  shape ;  zo6n^  animal).     A  name  some- 
times used  to  designate  the  Sjxruges. 
Amphibia  (Gr.  amphi,  both  ;    buia,  life).     Tlie  Frogs,  Newts,  and  the  like, 

whioli  have  gills  when  young,  but  can  always  breathe  air  directly  when 

adult. 
Amphic(EL(>U8  (Gr.  amphi,  at  both  ends ;  koilos,  hollow).      Applied  to  Verte- 

bne  which  are  concave  at  lx)th  ends. 
Amphidiscs  (Gr.  amj)hi,  at  both  ends  ;  diskos,  a  quoit  or  round  plate).    T\w 

spicula  which  surround  the  gemmules  of  tSjKmgiUa,   and   resemble  twn 

toothed  wheels  united  by  an  axle. 
Amphioxus  (Gr.  amphi,  at  both  ends  ;  oriis,  shart)).     The  Lancelet,  a  Uttle 

lisli,  which  alone  constitutes  the  order  PJuirymjtHfranchli. 
Amphipnkusta  (Gr.  amphi,  both  ;  pneo,  I  breathe).     Applied  to  the  "perenui- 

branchiate  "  Amphibians  which  retain  their  gills  throuj^h  life. 
Amphii'ODa  (Gr.  atnphi  ;  nndj/ot/^,  a  f«>ot).     An  order  ol  CrnMat^n. 
Anal  (L:it.  antut^  the  vent).     Connected  with  the  anus,  or  situatetl  near  thr 

anuH. 
Anallantoidka.    The  group  of  Vfirtebrata  in  which  the  embrj'O  \»  not  fur- 

nishe<l  with  an  allantois. 
Analooous.     Ajipliwl  to  parts  which  perform  the  same  function. 
Anamniota.     The  group  of  Vertebrata  in  whicli  the  embryo  is  destitute  of  sx 

amnion. 
Anahthropoda  (Gr.  <i,  without ;  arthros,  a  joint ;  pov»,  foot).    That  divisiii 

of  Anunlose  animals  in  which  there  are  no  articulated  anj^endages. 
Anchylosis  or  Ankylosis  (Gr.  anhU*>s,  crookeiU.    The  union  of  two  lirtuf* 

by  osseous  matter,  so  that  they  become  one  bone,  or  are  inuiiovably  joboi 

toj^etlier. 
Androgynous  (Gr.  aner,  a  man  ;  gun^,  a  woman^.     Synon>nnous  with  brr- 

maphrotUto,  and  implying  that  the  two  sexes  are  united  in  the  same  isii: 

vidual. 
Anduophores  (Gr.  an^r,  a  man  ;  and  phero,  I  carrj').    Applied  to  nie*Iusif<^n: 

gonophores  of  the  HifiL-ozint,  which  carry  the  spermatozoa,  aiul  oifler  in 

form  fn)m  those  in  which  the  ova  are  developed. 
Annklida  (a  Gallicised  form  of  Annulata).     The  Ringed  Worms,  which  f'-n 

one  of  the  divisions  of  the  Anarthrojxxla. 
Axxulated.     Composed  of  a  succession  of  rings. 
ANNri,()iDA  (Lat.  annidus,  a  ring:  Gr.  eidos,  forniV.     The  sub-kingdom cp"*- 

prising  tlie  EchiiUHlennata  and  the  JScoltcida  {= Echinozoc). 
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Annulosa  (Lat.  annuliis).    The  sub-kingdom  comprising  the  Anarthropoffa 

and  the  Arthropoda  or  Articulala,  in  all  of  which  the  body  is  more  or  less 

evidently  composed  of  a  succession  of  rings. 
Anomodontia  (Gr.  anomns,  irregular ;   odcniSy  tooth).     An  extinct  order  of 

Reptiles,  often  called  Dicynodontia. 
Anomura  (Gr.  anomos^  irregular  ;  oura,  tail).     A  tribe  of  Decapod  Crustacea^ 

of  which  the  Hermit-crab  is  the  t>'X>e. 
Anoplura  (Gr.  anophs^  unarmed :  oura,  tail).    An  order  of  Apterous  In^ 

sects. 
Anoura  (Gr,  a,  without ;  miray  tail).    The  order  of  Amphibia  comprising 

the  Frogs  and  Toads,  in  which  the  adult  is  destitute  of  a  tail.     Often  called 

Batmchia. 
Antennj!  (Lat.  ant^mnn,  a  yard-arm).    The  jointed  horns  or  feelers  possessed 

by  the  majority  of  the  Articuluta. 
Antennules  (dim.  of  antenna).    Applied  to  the  smaller  pair  of  antennae  in 

the  Crustacea. 
Antibrachium  {Kit.  anti^  in  front  of ;  brachicm^  the  arm).     The  fore-arm  of 

the  higher  Vertebrates,  composed  of  the  radiu*  and  tUna. 
Antlers.     ProT)€rly  the  branches  of  the  horns  of  the  Deer  tribe  {Ceroida),  but 

generally  applied  to  the  entire  horns. 
Antlia  (Lat.  antlia^  a  pump).    The  spiral  trunk  or  proboscis  with  which  But- 
terflies and  other  Lepidopterous  Insects  suck  up  the  juices  of  flowers.   ' 
Aphaniptera  (Gr.  aphaJios,  inconspicuous ;  pteron,  a  wing).     An  order  of 

Insects  comprising  the  Fleas. 
Aplacentalia.    The  section  of  the  Mammalia,  comprising  the  two  divisions 

of  the  Didelphia  and  Monodelphia,  in  which  the  young  is  not  furnished 

with  a  placenta. 
Apoda  (Gr.  a,  without ;  nodeSy  feet).     Applied  to  those  fishes  which  have  no 

ventral  fins.    Also  to  tne  footless  Cacilue  amongst  the  Amphibia. 
Apodal.    Devoid  of  feet 
Apodkmata  (Gr.  apodaio,  I  portion  off).    Applied  to  certain  chitinous  septa 

which  divide  the  tissues  in  Crustacea. 
Aptera  (Gr.  a,  without ;  pteron^  a  wing).    A  division  of  Insects,  which  is 

characterised  by  the  absence  of  wings  in  the  adult  condition. 
Apterous.    Devoid  of  wings. 
Apteryx  (Gr.  a,  without ;  pteruXy  a  wing).    A  wingless  bird  of  New  Zealand, 

belonging  to  the  order  Cursores. 
Aquiferous  (Lat.  aqua^  water  ;  fero^  I  carry.     Water-bearing :  applied  to  all 

vessels  or  canals  by  which  water  is  distributed  through  an  organism. 
Aracftnida  (Gr.  ardchjii,  a  spider).     A  cla^s  of  the  Articulata,  comprising 

Spiders,  Scorpions,  and  allied  animals. 
Arborescent.    Branched  like  a  tree. 
Arch^optertx  (Gr.  archaioi,  ancient ;  pterux,  wing).     The  singular  fossil 

bird  which  alone  constitutes  the  onler  of  the  Saururat. 
Arghenckphala  (Gr.  archrt,  I  overrule;  egkephalos,  brain).     The  name  ap- 
plied by  Owen  to  his  fourth  and  highest  group  of  Mammalia,  comprising 

Man  alone. 
Arenaceous.    Sandy,  or  composed  of  grains  of  sand. 
Articulata  (Lat.  articiUus^  a  joint).    A  division  of  the  animal  kingdom,  com- 

prising  Insects,  Centipedes,  Spiders,  and  Crustaceans,  characterised  by  the 

possession  of  jointed  bodies  or  jointed  limbs.    The  term  Arthropoda  is  now 

more  usually  employed. 
Artiodactyla  (Gr.  artins,  even ;  daktidos^  a  finger  or  t^)e).     A  division  of  the 

hoofed  quadrupeds  ( Uiufulata)  in  which  each  foot  has  an  even  number  of 

toes  (two  or  four). 
AsciDloiDA  (Gr.  askx)8^  a  bottle  ;  eitlns,  a  form),     A  sj-nonym  of  Tunica/a,  a 

class  of  Molluscous  animals,  which  have  the  shape,  in  maiiy  cases,  of  a  two- 
necked  bottle. 
Asexual.    Applied  to  modes  of  reproduction  in  which  the  sexes  are  not 

concerned. 
AsiPHONATE.     Not  possessing  a  respiratory  tul>e  or  siphon.     (Applied  to  a 

division  of  the  LaniellibranchiaU  Molluscs.) 
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Asteroid  (Gr.  astefy  a  star ;  and  eidM,  fonn).  Star-shaped,  or  pocMSsiiig  radi* 

iug  lobes  or  rays  like  a  star-fish. 
AsTKROiDEA.    An  order  of  EchinodemuUa,  compriBing  the  Star-fishes,  char- 
acterised by  their  rayed  form. 
ASTOMATOUS  (Gr.  a,  without ;  itoma,  mouth).    Not  possessing  a  mouth. 
Atlas  (Gr.  the  god  who  holds  up  the  earth).    The  first  vertetoi  of  the  neck, 

which  articulates  with  and  supports  the  skidl. 
Atrium  (Lat.  a  hall).    Applied  to  the  great  chamber  or  "  cloaca,"  into  which 

the  intestine  opens  in  the  Tunieaia. 
AURELIA  (Lat.  aurum^  gold).    Applied  to  the  chrysalides  of  some  LepidopUm^ 

on  account  of  their  exhibiting  a  golden  lustre. 
Auricle  (Lat.  dim.  of  awriSy  ear).    Applied  to  one  of  the  cavities  of  the  heart, 

by  which  blood  is  driven  into  the  ventricle. 
AuTOPHAGi  (Gr.  autosy  self ;  phcLgo^  I  eat).     Applied  to  birds  whose  young 

can  run  about  and  obtain  food  for  themselves  as  soon  as  they  escape  fttmi 

the  egg. 
AvES  (Lat.  avisy  a  bird).    The  class  of  the  Birds. 
AvicuLARiUM  (Lat.  avicuUi,  dim.  of  avis^  a  bird).     A  singular  appendage, 

often  Hha|>ed  like  the  head  of  a  bird,  found  in  many  of  the  Polyzoa, 
Axis  ((ir.  iwon^  a  pivot).    The  second  vertebra  of  the  neck,  apon  which  the 

skull  and  atlas  usually  rotate. 
AzYuous  (Gr.  a,  without ;  ztigwit,  yoke).    Single,  without  a  fellow. 

Bacterium  (Gr.  bahterimi,  a  staff).    A  microscopic  oi^nism  occurring  in  fluids 

containing  organic  matter,  and  having  a  stnff-shap^  form. 
Balanid^  (Gr.  halanfis,  an  acorn).    A  family  of  sessile  Cirripctle*^  commonly 

called  "Acorn  shells." 
Baleen  (Lat.  baltenay  a  whale).    The  homy  plates  which  occupy  the  palate  of 

the  "whalebone"  Whales. 
Batides  (Gr.  baios,  a  bramble).    The  family  of  the  Elasmobranchii  comprisini: 

the  Rava. 

« 

Batrachia  (Gr.  hatrachos^  a  frog).     Often  loosely  applied  to  any  of  the. -I  w- 

phihiay  but  sometimes  restricted  to  the  Amphibians  as  a  class,  or  to  the 

single  order  of  the  Annura, 
BELEMNIT1U.E  (Gr.  hdcmnon ,  a  dart).   An  extinct  group  of  Dibraiichiate  CepLa- 

lopods,  comprising  the  Belemnites  and  their  allies. 
BiGAViTARY  (Lat.  biSf  twice  ;  cavus,  hollow).     Consisting  of  or  possessing  two 

cavities. 
Bifid.     Cleft  into  two  parts  ;  forked. 
Bilateral.     Having  two  symmetrical  sides. 
BlMANA  (Lat.  hiSf  twicc  ;  mamts,  a  hand).     Tlie  order  of  Mammalia  conii»n.<- 

iiig  Man  alone. 
Bipedal  (I^at.  />w,  twice  ;  pesy  foot).    Walking  upon  two  legs. 
BiRAMOUS  (Lat,  oM,  twice;  ramus,  a  branch).     Applied  to  a  limb  which  \* 

divided  into  two  branches  {e.g.,  the  limbs  of  Cirripedes). 
Bivalve  (Lat.  6/*,  twice ;  valviHy  folding-doors).     C-omposed  of  two  ]»lates  it 

valves  ;  ai)j)lied  to  the  shell  of  the  La nie II ib ranch  lata  and  BrachiojK'iiay  aii-l 

to  the  carapace  of  certain  Cnist<xcea. 
Blastoidea  (Gr.  blastos^  a  bud  ;  and  eiiios,  form).     An  extinct  order  of  Echi' 

yu»lermata,  often  called  Penlrtniitcs. 
Blastostylk  (Gr.«  bla.sfos,  a  bud  ;  and  stufaf,  a  column).    Applie<l  by  Pt'I. 

AUnian  to  certain  colunmifonn  zoiiids  iu  the  Uydrozoti  whiv  h  are  destiiit^l  v^ 

bear  generative  buds. 
Brachiopoda  (Gr.  brachion,  an  arm  ;  j)on^,  the  fo<.>t).     A  class  of  the  M"!- 

iKACoi'la,  often  called  **  Lamp-shells,"  characterised  by  possessing  two  flesl.y 

anus  continued  from  the  sides  of  the  mouth. 
BuA(HiL\M  (Gr.  bracJiioiiy  arm).     Applied  to  the  upper  nnn  of  Vertebratt->. 
BiiAt  HYUHA  (Gr.  brar/iuit,  short ;  nu/Uy  tail).     A  tril>e  of  the  Deca|>od  Cru^c- 

ecu  lis  with  short  tails  {i.e.y  the  Crabs). 
Bracts,     (^-c  Hydrophyllia). 
BuADYPODiD.E  (Gr.  fmidus,  slow  ;  j^odtSy  feet).   The  family  of  Edfntata,  com- 

pri.«,ing  the  Sloths. 
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Branchia  (Gr.  bragchm,  the  gill  of  a  fish).    A  respiratory  organ  adapted  to 

breathe  air  dissolved  in  water. 
Branchiate.    Possessing  gills  or  branchiae. 
Branchifera  (Gr.  bragchia^  gill ;  and  pherOy  I  carry^.    A  division  of  Oasiero- 

p<xhnis  MolhiscSy  in  which  the  respiration  is  aquatic,  and  the  respiratory 

organs  are  mostly  in  the  form  of  distinct  gills. 
Branchio-gastkropoda  ( =  Branchifera). 
Branchiopoda  (Gr.  hragchia :  and  pous^  foot).     A  legion  of  Crustaceay  in 

which  the  gills  are  supported  by  the  feet. 
BR.VNCHIOSTEGAL  (Gr.  hrdgchiay  gills  ;  stego^  I  cover).    Applied  to  a  membrane 

and  rays  by  which  the  ^ills  are  protected  in  many  fishes. 
Brevilinguia  (Lat.  hrevu,  short ;  lingua,  tongue).     A  division  of  the  Laccr- 

tUia. 
Brevipennat^  (Lat.  hrevis,  short ;  pemuij  a  wing).    A  group  of  the  Natato- 
rial Birds. 
Bronchi  (Gr.   brogchos^  the  windpipe).      The  branches  of   the    windpipe 

{trachea),  by  which  the  air  is  conveyed  to  the  vesicles  of  the  lung. 
BRONTOTHERiDiB  (Gr.  Brontes,  the  name  of  a  giant ;    theriony  beast).     An 

extinct  order  of  Tertiary  Mammals. 
Bruta  (Lat.  bruttis,  heavy,  stupid).    Often  used  to  designate  the  Mammalian 

order  of  the  EdeiUata. 
Bryozoa  (Gr.  bnwn,  moss ;  zoOn,  animal).     A  synonym  of  Poiyzoa,  a  class  of 

the  Molluscoida. 
Buccal  (Lat.  bucatt  mouth  or  cheeks).     Connected  with  the  month. 
Bursiform  (Lat.  bursa,  a  purse ;  forma,  shape).     Shaped  like  a  purse  ;  sub- 
spherical. 
Byssiferous.     Producing  a  byssus. 
Byssus  (Gr.  btisfios,  flax).    A  term  applied  to  the  silky  filaments  by  which  the 

Pinna  J  the  common  Mussel,  and  certain  other  bivalve  Molliuica,  attach 

themselves  to  foreign  objects. 

Caducibranchiate  (Lat.  caducnSy  falling  off ;  Gr.  bragchia,  gill).   Applied  to 

those  Amphibians  in  which  the  gills  fall  off  before  maturity  is  reached. 
Cadl'cous.    Applied  to  parts  which  fall  off  or  are  shed  during  the  life  of  the 

animal. 
CjRCAh  (Lat.  ccecttSy  blind).     Terminating  blindly,  or  in  a  closed  exti'emity. 
C.«CUM  (Lat.  ccccMj»).     A  tube  which  terminates  blindly. 
CiESFiTOSE  (Lat.  catspes,  a  turf).    Tufted. 
Cainozoic.    {See  Kainozoic.) 
Calcar  (Lat  a  spur).    Applied  to  the  "spurs"  of  Rasorial  Birds;  and  also 

to  the  rudiments  of  the  hind-limbs  in  certain  snakes. 
Calcareous  (Lat.  calx,  lime).    Composed  of  carbonate  of  lime. 
Cauce.    The  little  cup  in  which  the  polype  of  a  coralligenous  Zoophyte 

(ActiuozoOn)  is  contained. 
Calycophorid^  (Gr.  kaliix,  a  cup ;  and  phero,  I  carry).     An  order  of  the 

Oceanic  Uydrozoa,  so  called  from  their  possessing  bell-shaped  swimming 

organs  (nectocalyces). 
Calyptoblastic  (Gr.  kaluptm,  covered ;   and  bUistoft,  a  bud).     Applied  by 

Prof.  AUman  to  those  Uydntzoa  in  which  the  nutritive  or  generative  buds 

are  provided  with  an  external  protective  receptacle. 
Calyx  (Lat.  calyx,  a  cup).     Applied  to  the  cup-shaped  body  of  Vorticdla 

(Protozoa),  or  of  a  Crinoid  {Echinodermata). 
Campanularida  (Lat.  campanulay  a  bell).    An  order  of  Hydroid  25oophytes. 
Canine  (Lat.  ca?iM,  a  dog).    The  eye-tooth  of  Mammals,  or  the  tooth  which 

is  placed  at  or  close  to  the  priemaxillary  suture  in  the  upper  jaw,  and  the 

corresponding  tooth  in  the  lower  jaw. 
Capitulum  (Lat.  dim.  of  captU,  head).    Applied  to  the  body  of  a  Barnacle 

{Lttpadidce),  from  its  being  supported  upon  a  stalk  or  peduncle. 
Carapace.    A  protective  shield.    Applied  to  the  upper  shell  of  Crabs,  Lob- 

stei*s,  and  many  other  Crustacea  ;  also  to  the  case  with  which  certain  of  the 

jT^usoria  are  provided.   Also  the  upper  half  of  the  immovable  case  in  which 

the  body  of  a  Chelonian  is  i>rotected. 
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Carinat^  (Lat.  carina,  a  keel).    Applied  by  Huxley  to  all  those  Inrdi  in 

which  the  sternum  is  furnished  with  a  median  ridge  or  keel. 
Carnivora  (Lat.  ixtro,  flesh ;  wro,  I  deToor).    An  order  of  tbe  Mamwudia. 
Carnivorous  (Lat.  oaroy  flesh ;  voro,  I  devour).    Feeding  upon  flesh. 
Carnose  (Lftt.  caro).    Fleshy. 
Carpophaga  (Gr.  kxurpos,  fruit;  nhago,    I  eat).    A  section  of  the  Jforw- 

pialia. 
Carpus  (Gr.  karpos,  the  wrist).  The  small  bones  which  interrene  between  the 

fore-ami  and  the  metacarpus. 
Catarhina  (Gr.  kata,  downwards ;  rhineM,  nostrils).   A  group  of  the  Quttdn- 

mana. 
Caudal  (Lat  cauda,  the  tail).    Belonging  to  the  taiL 
Cavicorxia  (Lat.  caviuf,  hollow;    comUf  a  horn).      The  "hollow-hocned" 

Ruminants,  in  which  the  hom  consists  of  a  central  bony  "  hom<€m«  "  tta- 

rounded  by  a  homy  sheath. 
Centrum  (Gr.  kcntron,  the  point  round  which  a  circle  is  described  by  a  pair  of 

compasses).     The  central  portion  or  "  body  "  of  a  vertebra. 
Ceph.vlic  (Gr.  kephalt,  head).    Belonging  to  the  head. 
Ckphalo-branchiatb  (Gr.  hephaU  ;  and  oro^ia,  gill).    Carrying  gills  upon 

the  head.    Applied  to  a  section  of  the  Anndida^  which,  like  the  SerfMla:^ 

have  tufts  of  external  gills  placed  upon  the  head. 
C£PHAi/)PH0RA  (Gr.  keph(de;  and  tiMro,  I  carry).    Used  synonymously  with 

Encephalay  to  designate  those  MoUuKa  which  possess  a  distinct  head. 
Cephalopoda  (Gr.  kephale;  ajadpodes,  feet).    A  class  of  the  Mollu$otk  eom- 

prising  the  Cnttle-tishes  and  their  allies,  in  which  there  is  a  series  of  amu 

ranged  round  the  head. 
Ceph.vlothorax  (Gr.  h'phdlc  ;  and  thorax^  cliest).    The  anterior  division  of 

the  boily  in  many  Crustacea  and  Arachnida,  which  is  composed  of  lli« 

coalesced  head  and  chest. 
Ckrcariikorm  (Lat  ceratria,  a  tailed  animalcule;  and /or»«a,  shape).    C^r- 

carta  (Gr.  kerkos,  tail)  is  the  name  of  a  tadpole-shaped  animalcule  ;  and  tht 

epithet  "  cercariiform  "  is  api)lied  to  all  organisms  of  a  similar  shape  (<r.o., 

the  larval  Tunicates). 
Ckre.     Tlie  naked  space  found  at  the  Imse  of  the  bill  of  some  binls. 
Ckrvk'al  (Lat  cervix,  neck).     Connected  with  the  region  of  the  neck. 
Ckstoidea  (Gr.  k-entos,  a  girdle).     An  old  name  for  the  Tcmiaila^  a  class  of 

intestinal  worms  with  flat  bodies  like  tape  (hence  the  name  Ta|»eworms). 
Ckstiiaphoui  (Gr.  k^sira,  a  weapon  ;  phero^  I  carry).     The  group  of  Elanmi- 

hranchii  represented  at  the  present  day  by  the  Port  Jackson  Shark. 
Cetacka  (Gr.  kitos,  a  whale).    The  order  of  Mammals  comprising  the  Whalfi 

and  Dolphins. 
Ch-ETOGNatha  (Gr.  chaitr,  bristle ;  fftiaihos,  jaw).     An  order  of  the  Anartkr^^ 

ptula^  comprising  only  the  oceanic  genus  Sagitta. 
CH.fJTOPHORA  (Gr.  cfiaite  ;  ph^inu  I  carry).   Applied  as  a  common  name  to  the 

Tubiculous  and  Errant  Annelides,  both  of  which  have  bristle-lx?aring  f^n* 

tubercles,  tojrether  with  the  Earth-worms  and  their  allies  {Oliffochnrta)y  whii  u 

have  lo(U)Miotive  bri.stles. 
Cheiroitera  (Gr.  c/«.h>,  liand  ;  pUnm^  a  wing).    The  order  of  Manmials  com- 
prising the  Bats. 
Cm  el.*:  (Gr.  chele,  a  claw).   The  prehensile  claws  with  which  some  of  the  linil» 

are  temiinated  in  cei-tain  CruHacea,  such  as  the  Crab,  Lobster.  &c. 
Chelate.     Possessing  chehe  ;  applied  to  a  limb. 
CHELICEH.E  (Gr.  cheU,  a  claw;  and  keras,  a  hom).     The  i>rchensile  claw.-;  of 

the  Scorpion,  supposed  to  be  homologous  with  antenna*. 
Chelonia  (Gr.  chehmCy  a  tortoise).   The  order  of  Reptiles  comprising  the  Tor- 
toises and  Turtles. 
CnEL»)NOBATRACHiA  (Gr.  chclonfy  a  tortoise ;  halrachtSy  a  frog).    Sometiiuo 

applied  to  the  AniTiIiibiun  order  of  the  Anoura  (Frogs  and  Toads). 
CHiL(HiNATH.v  (Gr.  cJuiUos,  a  lip  ;  and  ffnathot,  a  jaw).     An  order  of  the  Jf>'- 

riajMu/n. 

CiiiLoi'ODA  (Gr.  chcilos;  and  pitdeSf  feet).     An  order  of  the  Myriapwia. 
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Chitine  (Gr.  chiton^  a  coat).  The  peculiar  chemical  principle,  neariy  allied  to 
horn,  which  fonns  the  exoskeleton  in  many  Invertebrate  animals,  especially 
in  the  Artiiropoda  (Crustdccaf  Itisecta^  &c.). 

Chl^kophyll  (Gr.  chloros,  green ;  and  phttflon,  a  leaf).  The  green  colouring 
matter  of  planta. 

CHROMATorHORES  (Gr.  chroma^  complexion,  or  colour ;  and  phero,  I  carrj'). 
Little  sacs  which  contain  pigment-granules,  and  are  found  in  the  integument 
of  Cuttle-fishes  and  other  animals. 

Chrysalis  (Gr.  chruso*,  gold).  The  motionless  pupa  of  butterflies  and  moths, 
^o  called  because  sometimes  exhibiting  a  golden  lustre. 

Chylaqueous  iXUiD.  A  fluid  consisting  partly  of  water  derived  from  the  ex- 
terior, and  partly  of  the  products  of  digestion  (cliyle),  occupying  the  body- 
cavity  or  perivisceral  space  in  many  Invertebrates  {Annelids^  Echinoderrns^ 
&c. ),  and  sometimes  having  a  special  canal-system  for  its  conduction  (chly- 
arjueous  canals). 

Chylk  (Gr.  chidos,  juice).  The  milky  fluid  which  is  the  result  of  the  action  of 
the  various  digestive  fluids  upon  the  food. 

Chylific  (Gr.  cAi*/cx,  juice  [chyle] ;  and  Lat./aru?,  I  make).  Producing  chyle. 
A])plied  to  one  of  the  stomachs,  when  more  than  one  is  present.  The  word 
is  of  mongrel  origin  ;  and  "chylopoietic"  is  more  correct. 

Chyme  (Gr.  chumo^f  jmce).  The  acid  pasty  fluid  produced  by  the  action  of  the 
gastric  juice  upon  the  food. 

Chyme-mass.    The  central,  semi-fluid  sarcode  in  the  interior  of  an  Infusorian. 

Cilia  (Lat.  cUium^  an  eyelash).  Microscopic,  hair-like  filaments,  which  have 
the  power  of  lashing  backwards  and  forwards,  thus  creating  currents  in  the 
surrounding  or  contiguous  fluid,  or  subserving  locomotion  in  the  animal 
which  possesses  them. 

Cilioorada  (Lat.  cUivvi ;  and  gradwr^  I  walk).  Synonymous  with  CtenophttrOy 
an  order  of  Actiwtxoa. 

CiNCLiDES  (Gr.  kiffklis,  a  lattice).  Special  apertures  in  the  column  walls  of 
some  Sea-anemones  {AcUnidct),  which  probably  serve  for  the  emission  of  the 
cord-like  "  craspeda." 

Cirri  (Lat.  cirrus,  a  curl).  Tendril-like  appendages,  such  as  the  feet  of  Bar- 
nacles, and  Acorn-shells  {Cirripedes),  the  lateral  processes  on  the  arms  of 
Brachiopodaf  &c. 

CiRRiFEROus  or  Cirrioerous.    Carrjing  cirri. 

CiRRiPEOiA,  CiRRHiPEDiA,  or  CiRRH»>PoDA  (Lat.  cimu,  a  curl;  and  pea^  a 
foot).     A  sub-class  of  Crustacea  with  curled  jointed  feet. 

CiRRosTOMi  (Lat.  am«,  a  tendril;  Gr.  stoma,  mouth).  Sometimes  used  to 
designate  tlie  Pharyntjfibraiichn, 

Cladocera  (Gr.  klados,  a  branch ;  keratj  a  horn).  An  order  of  Crustacea 
with  branched  antennae. 

Clavate  (Lat.  clavus^  a  club).    Club-shaped. 

CLAVia.E  (Lat,  cl^iricula,  a  little  key).  The  "collar-bone,"  forming  one  of 
the  elements  of  the  pectoral  arch  of  Vertebrates. 

Cloaca  (Lat.  a  sink).  The  cavity  into  which  the  intestinal  canal  and  the 
ducts  of  the  generative  and  urinary  organs  open  in  common,  in  some  In- 
vertebrates {e.g.y  in  Insects),  and  also  in  many  Vertebrate  animals. 

Clypeikorm  (Lat.  clypeunj  a  shield  ;  and/o7*m«,  shaped).  Shield-shaped ;  ai>- 
plied,  for  example,  to  the  carapace  of  the  King-crab. 

CNLDiK  (Gr.  knUle,  a  nettle).  Tlie  urticating  cells  or  "  thread-cells  "  whereby 
many  CoelerUerate  animals  obt'iiii  their  power  of  stinging. 

CoccoLiTHS  (Gr.  kokkos,  a  berry ;  lUhos,  stone).  Minute  oval  or  rounded 
bodies,  which  are  found  .either  free  or  attaclied  to  the  surface  of  cocco- 
spheres,  and  which  are  probably  of  vegetable  origin. 

CoccosPUERES  (Gr.  kokkns  ;  and  sp/iaira^  a  sphere).  Spherical  masses  of  sar- 
code, enclosed  in  a  delicate  calcareous  envelope,  and  bearing  coccoliths  upon 
their  external  surface. 

Coccygeal.    Connected  with  the  coccyx. 

Coccyx  (Gr.  kokkuxy  a  cuckoo).  The  terminal  portion  of  the  spinal  column 
in  man,  so  called  from  its  resemblance  to  a  cuckoo's  beak. 
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Cocoon  (French,  coemtf  the  cocoon  of  the  silk-wonn;  connected  with  Fr. 

n>f/u€y  shell,  which  is  derived  from  the  Lat.  c<meka).    The  outer  covvriiur  of 

Kilky  hairs  with  wliich  the  pupa  or  chr}'salis  of  many  insecttt  in  protected. 

The  chitinous  capsules  in  which  Leeches  and  Earth -worms  deposit  their 

eggs.    Tile  silken  cases  which  Spiders  weave  for  their  eggs. 
CoDuNOSTOMA  (Gr.  hKlon,  a  bell;  stomas  mouth).    The  aperture  or  month  of 

the  disc  (nectocalyx)  of  a  Medusa^  or  of  the  bell  (gonocalyx)  of  a  mcilofi- 

form  gonopliore. 
CojLKNTERATA  (Gr.  koUoHf  hollow ;  enteron,  the  bowel).     The  sub-kingtlom 

which  comprises  the  IJydrozoa  and  Aciinozoa.     Proposed  bv  Prey  and 

Leuckart  in  place  of  the  old  term  Madiata,  which  included  other  animal* 

as  well. 
Co-iNKNCHYHA  (Gr.  koinos,  common  ;  enckumat  tissue  ;  literally,  an  infMon). 

The  common  calcareous  tissue  which  unites  together  the  various  corallites 

of  a  compound  corallum. 
CosNOSciUM  (Gr.  hnnos,  common;  oiJbw,  house).    The  entire  dermal  n'stem 

of  any  PnltfziHjn  ;  employed  in  place  of  the  terms  polyzoary  or  polypidoni. 
C(EN(>SARC  (Gr.  kin'nwfy  common ;  sarx^  ilesh).    The  common  oi^ganised  me- 
dium by  which  the  separate  polypites  of  a  compound  HydnanHn  are  con- 
nected together. 
CuLEOPTERA  (Gf.  koleo9,  E  sheath ;   pteron,  wing).     The  order  of  Insects 

(Beetles)  in  which  the  anterior  pair  of  wines  are  hardened,  and  serve  u 

protective  cases  for  the  posterior  pair  of  membranona  winga. 
CoLLEMBOLA  (Gr.  h^lii,  giue ;  embolos,  a  sharp  beak  or  pointed  projection). 

An  order  of  Apterous  insects  furnished  with  an  adhesive  ventral  process. 
CoLrBKiNA  (Lat.  C(»/«/xt,  a  snake).     A  division  of  the  Ophidui. 
CoLUMBACKl  (Lat.  ctdnmba^  a  dove).     The  division  of  Rasorial  Binis  conipri-;- 

\\v^  the  Doves  and  I^igeons. 
CoLi.'MELLA  (Lat.  dim.  of  columna,  a  column).     In  Conchology,  the  central 

axis  round  wliich  the  whorls  of  a  spind  univalve  are  w<»un«l.     Amongjit  tl:r 

ActiuoziHt^  it  is  the  central  axis  or  pillar  which  is  found  in  the  centre  ol  th<? 

visceral  chamber  of  many  corals. 
(..'(>Li:.MN.     Applie«l  to  the  cylindrical  bmly  of  a  Sea-anemone  (Jr///!'*'):  al^) 

to  the  jointe<l  stem  or  j>eduncle  of  the  stalked  CrinoUh. 
Commensal  (Lat  anu^  with  ;  mensa^  t^ible).     Living  at  the  same  table  with. 

a  messmate  :  Api)lie(l  to  animals  which  live  on  or  in  other  animals  for  part 

or  the  whole  of  their  life,  simply  sharing  the  foo<l  of  their  hos^t,  withuut 

iK'ing  parasitic  on  him. 
C'().M.MissrRAL  (Lat    committor  I    solder    together)..     Connecting   together: 

Usually  applied  to  the  nerve-fibres  whitrh  unite  <lifferent  ganglia. 
Concha  (Lat  ashellK     The  extenial  ear  by  which  sounds  are  collecte<l  aiil 

transmitted  to  the  internal  ear. 
CoNCHiKEHA  (Lat  dnichn,  a  shell :  ./V/*o,  I  carry).     Shell-fish.     Applitd  in  a 

rfstricte<l  sense  to  the  bivalve  Molluscs,  and  used  as  a  synonym  for  Lcmflli- 

hranchiafa. 
Condyle  (Gr.  hmdvlos^  a  knuckle).     The  surface  by  which  one  l»one  arti«u- 

lutes  with  another.     Applied  e.s])erially  to  the  articular  surface  or  sartacr- 

by  which  the  skull  articulates  with  the  vertebral  column. 
CoNiHosTHi-is  (Lat.  oouif,  a  coue ;  rcdrumy  a  l>eak).     The  division  of  Perchir.: 

Binls  with  conical  Iw^aks. 
CopEPODA  (Gr.  Af'/x',  an  oar  ;  juxles^  feet).     An  onler  of  Cnijutocfn. 
CoiiAcoiD  (Gr. /.-'n/.r.  a  cn>w;  eidns^  form).     A  separate  l»one  whi.^h  ent^r* 

into  the  composition  of  the  pectoral  arch  in  Birds,  ReptiU-s,  and  M«'J:'> 

tremes.     In  most  Mammals  it  is  a  men*  process  of  the  scapula,  haviu;;.  ii. 

man,  some  resemblance  in  shape  to  the  Ix-ak  of  a  crow. 
r'(»HALLn;KN0Us.     Pro<lucing  a  corallum. 
CouALLiTK.     The  corallum  sccR'ted  by  an  Adinozitfin  which  consi>ts  of  i 

sinu'le  polype ;  or  the  jiortion  of  a  composite  corallum  which  Wlougs  to.  ar.-l 

is  sfcrete«i  by,  an  individual  i>olyi>e. 
C<)R.\LLrM  (from  the  Latin  for  red  coral).     Tlie  hard  structures  deposite^l  in, 

<»r  by,  the  tissues  of  an  -Ir^wo^t;**;?;— commonly  called  a  **  coral.** 
Coriaceous  (Lat  C(/>7«//»,  hide).     Leathery. 
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Corpus  callosum  (Lat.  the  "  fii-m  body  ").  The  pjreat  band  of  nervous  mat- 
ter which  unites  the  two  hemispheres  of  the  cerebrum  in  the  Mammals. 

CoRPCscuLATKD  (Lat.  ci*rpusculum,  a  little  body  or  particle).  Applied  to 
fluids  which,  like  the  blood,  contain  floating  solid  particles  or  "  corpuscles." 

CoKTiCAL  LAYER.  Tho  layer  of  consistent  sarcode,  whicli  in  the  infusoria 
encloses  the  chyme  mass,  and  is  surrounded  by  the  cuticle.  Soujetimes 
called  the  "  parenchyma  of  the  body." 

CoSTiE  (I^t.  costa^  a  rib).  Applied  amongst  the  Crlnouha  to  designate  the 
rows  of  plates  which  succeed  the  inferior  or  basal  portion  of  the  cup  (pel- 
vis). Amongst  the  Carols  the  "costaj"  are  vertical  ridges  which  occur  on 
the  outer  surface  of  the  theca,  and  mark  the  position  of  the  septa  within. 

Costal  (Lat.  coslaf  a  rib).    Connected  with  the  ribs. 

Cranium  (Gr.  kranion^  the  skull).  The  bony  or  cartilaginous  case  in  which 
the  brain  is  contained. 

Craspeda  (Gr.  krcupedwi,  a  margin  or  fringe).  The  long,  convoluted  cords, 
containing  thread -cells,  which  are  attached  to  the  free  margins  of  the 
mesenteries  of  a  Sea-anemone. 

Crepuscular  (Lat.  crcpusculumj  dusk).  Applied  to  animals  which  are  active 
in  the  dusk  or  twiligiit. 

Crinoidea  (Gr.  hrinos^  a  lily  ;  ci</o«,  form).  An  orH^v  of  EchinodemuUa  com- 
prising forms  which  are  usually  stalked,  and  sometimes  resemble  lilies  iu 
shape. 

Crocodilia  (Gr.  krohxleilos^  a  crocodile).    An  order  of  Reptiles. 

Crop.    A  partial  dilatation  of  the  gullet,  technically  called  **  ingluvies." 

Crustacea  (Lat.  crusta^  a  crust).  A  class  of  articulate  animals,  comprising 
Crabs,  Lobsters,  &c.,  characterised  by  the  possession  of  a  hard  shell  or 
crust,  which  they  cast  periodically. 

Cten(X}YST  (Gr.  kteia,  a  comb ;  kustis,  a  bag  or  cyst).  The  sense-organ  (prob- 
ably auditorv)  which  occurs  in  the  Ctenoplwra. 

Ctenoid  (Gr.  lueis^  a  comb ;  eUios^  form).  Applied  to  those  scales  of  flshes, 
the  hinder  margins  of  which  are  fringed  with  spines  or  comb-like  pro- 
jections. 

Ctenophora  (Gr.  kteU^  a  comb  ;  and  phero,  I  carry).  An  order  of  Actinozoa^ 
comprising  oceanic  creatures,  with  swim  by  means  of  "  ctenophores,"  or 
bauds  of  cilia  arranged  in  comb-like  plates. 

CURSORES  (Lat  airrn^  I  run).  An  order  of  Ares,  comprising  birds  destitute 
of  the  power  of  flight,  but  fonued  for  running  vigorously  {e.^,,  the  Ostrich 
and  Emeu). 

Cuspidate.    Furnished  with  small  pointed  eminences  or  **  cusps." 

Cuticle.  (Lat.  ciUtcuia,  dim.  of  cutisy  skin).  The  pellicle  which  forms  the 
outer  layer  of  the  body  amongst  the  Jnfusorut.  Tne  outer  layer  of  the  in- 
tegument generally. 

Cutis  (Lat.  skin).  Tlie  inferior  vascular  layer  of  the  integument,  often  called 
the  cutis  vera^  the  corium^  or  the  dermis. 

Cycloid  (Gr.  kuklos,  a  circle ;  eidos,  form).  Applied  to  those  scales  of  fishes 
which  have  a  regularly  circular  or  elliptical  outline  with  an  even  mai^n. 

Cyclostomi  (Gr.  kvMus ;  and  stomas  mouth).  Sometimes  used  to  designate 
the  Hag-fishes  and  Lampreys,  forming  the  order  Marsipchranchii. 

Cyst  (Gr.  knstis,  a  bladder  or  bag).    A  sac  or  vesicle. 

Cystica.  The  embryonic  forms  (scolices)  of  certain  intestinal  worms  (Tape- 
worms), which  were  described  as  a  distinct  order,  until  their  true  nature  was 
discovered. 

Cystoidka  (Gr.  kiistisy  a  bladder ;  and  eidos,  fonn).  An  extinct  order  of 
£ch  inodermaUi, 

Decapoda  (Gr.  deka^  ten  ;  podes,  feet).    The  division  of  Crustacea  which  have 

ten  ambulatory  feet ;  also  the  family  of  Cuttle-fishes,  in  which  there  are 

ten  arms  or  cephalic  processes. 
Deciduous  (Lat.  deddo^  I  fall  off).    Applied  to  i>art8  which  fall  off  or  are 

shed  during  the  life  of  the  animal. 
Decollated  (Lat.  decoUo,  I  behead).    Applied  to  univalve  shells,  the  apex  of 

which  falls  off  iu  the  course  of  growth. 
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Deixockrata  or  Dinockrata  (Gr.  deinos^  terrible ;  ktras,  horn).    An  extinct 

order  of  Tertiary  Mauinials. 
Dfin'osauria  or  Dinosauria  (Gr.  deinos,  terrible ;  aaura^  lizard).  An  extinct 

order  of  Reptiles. 
De>'DRIform,  Dendritic,  Dendroid  <Gr.  dendron,  a  tree).    Brancbed  like  a 

tree,  arborescent. 
DENTIR0STRE8  (Lat.  dens,  a  tooth ;  rostrum,  a  beak).    The  group  of  PerchiM 

Birds  in  which  tlie  iipper  mandible  of  the  beak  has  its  lower  margin  toothed. 
Derma  or  Dermis.    (See  Cntis.) 

DER.MAL  (Gr.  derma ^  skin).     Belonging  to  the  integument. 
Dermoscleuites  (Gr.  dermal  skin  ;  skleroa,  hard).     Masses  of  spicules  whidi 

occur  in  the  tissues  of  some  of  the  Alcyonaria  (Aetinoxoa), 
Desmtdle.    Minute  Aresh-water  plants,  of  a  green  colour,  without  a  siliceoni 

epidermis. 
Dei^erozo^ids  (Gr.  deuteros,  second ;  zoOn,  animal ;  eidos,  form).    The  looidj 

which  are  produced  by  gemmation  from  zooids. 
Dextral  (Lat.  dcxtra,  the  right  hand).    Right-handed ;  applied  to  the  direc- 
tion of  the  spiral  in  the  greater  number  of  univalve  shells. 
Diaphragm  (Gr.  diapkragma,  a  partition).     The  "midriff,"  or  the  mnsfle 

which  in  Mammalia  forms  a  partition  between  the  cavities  of  the  thanx 

and  abdomen. 
Diastema  (Gr.  dia,  apart ;  histemi,  I  place).    A  gap  or  interval,  especially 

l^etween  teeth. 
Diastolic  ((i r.  diasteU<ty  I  separate  or  expand).    The  expansion  of  a  contractile 

cavity  such  as  the  heart,  which  follows  its  contraction  or  "  systole." 
DlAT<>MACK^.  (Gr.  diafemiw,  I  sever).    An  order  of  minute  plantA,  which  are 

provided  with  siliceous  envelopes. 
DiniiANCHiATA  (Gr.  dis,  t\snce;  bmffchia,  gill).      The  order  of  C€phahp:<da 

(comprising  the  Cuttle-fislies,  &c.)  in  which  only  two  ^ills  are  present, 
DiCYNODONTiA  ((ir.  dUy  twice ;  knon^  dog ;  odotis,  tootli).     An  extinct  onler 

of  Reptiles, 
DiDKLi'HiA  (Gr.  f/w,  twice;  ddphus,  womb).     The  subdivision  of  Mammali 

comprising  the  Marsujnals. 
Dir.iT  (Lat,  diffitu-if,  a  finger).     A  finger  or  toe. 

DloiTK'rUADA  (Lat,  diyitus;  ffradior,  I  walk).     A  suMivision  of  the  Otnn'r»M. 
DiGiTiGRADE.     Walking  upon  the  tips  of  the  toes,  ami  not  ujwu  the  soles  of 

the  feet. 
DiMKHOSOMATA  (Gr.  di'x  ;  meros,  part ;  somu^  l»ody).     An  onler  of  Aifirhrti'in, 

comprising  the  true  Spiders,  so  calle<l  from  the  marked  division  of  thtr  bo»iy 

into  two  regions,  the  cei>halothonix  and  abdomen.     The  name  Aranfi^fa  U 

oft^n  employed  for  the  onler. 
DiMYAUY  (Gr.  rfj>,  twic*  ;  nnum,  nmscle).     Api»lie<l  to  those  bivalve  Mollu.vs 

{T^nmUihrnnchinta)  in  which  the  shell  is  closet!  bv  two  adductor  muscles. 
DicECroL'S  (Gr.  dis^  twice  ;  t///vw,  house).     Havinp  tbe  sexes  distinct ;  apj'Iit^ 

to  .species  which  consist  of  male  and  female  individuals. 
DirHYonoNT  (Gr.  diSy  twice ;  7>A«o,  I  generate  ;  cxlouSj  tooth).     Applietl  to 

those  Mammals  which  have  two  sets  of  teeth. 
DirnYozooiiKS,     Detaclied  repnxluctive  portions  of  adult  Calycoithfrrid^r,  an 

order  of  oceanic  Hydrozoa. 
Dirxoi  (Gr,  dls,  twice  ;  pnoiy  breatli).    The  onler  of  fishes  represented  by  the 

T^'pidosiren. 
DiPTKiiA  ((ir.  dis,  twice  ;  pteron,  wing).     An  onler  of  insects  characterisesl  It 

the  possession  of  two  \%ing8. 
DisciiiD  (Gr,  di'ikos,  a  (pioit ;  eidof^  form).    Shaped  like  a  round  plate  or  quoit. 
DiscoPHORA  (Gr.  diskos,  a  tjuoit ;  pliero,  I  carry).     This  term  is  .ipplie»l  to 

the  Mftfusfi^,  or  Jelly-fishes,  from  their  form ;   and  is  sometimes  uv*!  to 

designate  the  onler  of  the  Leeches  (Ilintdinm)  from  the  suctorial  diwJ 

wliich  these  animals  pos^sess. 
Dis.'iKPiMENTS  (Lat.  dissepio,  I  partition  off).    Partitions.    Used  in  a  restricted 

sense  to  desi^iate  certain  imjierfect  transverse  partitions,  which  grow  from 

the  septa  of  many  corals. 
Distal.    Applied  to  tlie  quickly  growing  end  of  the  hydrosoma  of  a  ffydro- 
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zof}n  ;    the  opposite,  or  **  prmcimal,"  extremity  growing  less  rapidly,  and 

being  the  end  oy  which  the  organism  is  fixed,  when  attached  at  all. 
Diurnal  (Lat.  dieSy  day).    Apidied  to  animals  which  are  active  during  the  day. 
Diverticulum  (Lat.  diverticulum,  a  by-roa<l).    A  lateral  tube  with  a  blind 

extremity  springing  from  the  side  of  another  tube. 
Dorsal  (Lat.  dorsum ,  back).     Connected  with  the  back. 
DOR.SIBRANXHIATE  (Lat.  dorsum^  the  back ;  Gr.  bragchiay  gill).     Having  ex- 

tenial  gills  attache<l  to  the  back  ;  applied  to  certain  AniulidestniiX  Molluscs. 

The  term  is  of  mongrel  composition,  and  *'  notobranchiate  "  is  more  correctly 

employed. 

EcDERON  (Or.  ekj  out ;  deros,  skin).  Tlie  outer  plane  of  growth  of  the  external 
integumentary  layer  (viz.,  the  ectoderm,  or  epidennis). 

KcDYSis  (Gr.  ekduLsis,  a  stripping  off).    A  shedoing  or  moulting  of  the  skin. 

EcHiNOCcx'Ci  (Gr.  echinfts,  a  hedgehog;  kokkoSy  a  berry).  The  larval  forms 
(scolices)  of  the  tapeworm  of  the  iiog{Tu:nia  echiiwatccus),  commonly  known 
as  **  hydatids." 

EcHiNODKRMATA  (Gr.  echinos  ;  and  derma^  skin).  A  class  of  animals  compris- 
ing the  Sea-urchins.  Star-fishes,  and  others,  most  of  which  have  spiny  skins. 

EcHiNOiDKA  (Gr.  echinos;  and  eidos,  form).  An  order  of  JichinodermcUaj  com- 
prising the  Sea-urchins. 

EcHiNOP-aBDiUM  (Gr.  echinos^  a  hedgehog ;  paidioUj  a  child).  A  term  applied 
to  the  embryo  or  larva  of  the  Echinodenuata. 

Echinulatk.     Possessing  spines. 

EcTcxJYST  (Gr.  ektos,  outside  ;  kustis,  a  bladder).  The  external  investment  of 
the  coen(Bcium  of  a  PolyzoOn. 

Ectoderm  (Gr.  citos;  a,nd  derma,  skin).  The  external  integumentary  layer 
of  the  Cceienterata. 

EcTOSARC  (Gr.  ektos ;  sarx,  flesh).  The  outer  transparent  sarcode  -  layer  of 
certain  Rhizopods,  such  a.s  the  A  tncelia. 

Edentata  (Lat.  c,  without ;  deiu,  tooth).  An  order  of  MammcUia,  often  called 
Bruta, 

Edentulous.  Toothless;  without  any  dental  apparatus.  Applied  to  the 
mouth  of  any  animal,  or  to  the  hinge  of  the  bivalve  Molluscs. 

Edrk^phthalmata  (Gr.  hedraios^  sitting ;  ophthalmos,  eye).  The  division  of 
CruMnaa  in  which  the  eyes  are  sessile,  and  are  not  supported  upon  stalks. 

Elasmobranchii  (Gr.  elasma,  a  plate;  braychiay  gill).  An  order  of  Fishes, 
including  the  Sharks  and  Rays. 

Elytra  (Gr.  ehUron,  a  sheath).  The  chitinous  anterior  pair  of  wings  in 
Beetles,  which  form  cases  for  the  posterior  membranous  winp.  Also  aj)- 
plied  to  the  scales  or  plates  on  the  back  of  the  Sea-mouse  (AjJirodite). 

Embryo  (Gr.  en,  in ;  hruo,  I  swell).  The  earliest  stage  at  which  the  young 
animal  is  recognisable  in  the  impregnated  ovum. 

Enaliosaurlv  (Ctr.  audiosj  marine ;  saura,  lizard).  Sometimes  employed  as 
a  common  term  to  designate  the  extinct  Reptilian  orders  of  the  Ichthi/osauria 
and  Plesiosauria. 

Enckphalon  (Gr.  eghtphalos,  brain).  The  portion  of  the  cerebro-spinal  ner- 
vous axis  contained  within  the  cranium. 

Enckphalous  (Gr.  en,  in ;  kephale,  the  head).  Possessing  a  distinct  head. 
Usually  applied  to  all  the  AfoUusca  proper,  except  the  Lafnellibranchiata. 

Encystation  (Gr.  «t,  in ;  kiutis,  a  bag).  The  transformation  undergone  by 
certain  of  the  ProtoztKi,  when  they  become  motionless,  and  surround  them- 
selves by  a  thick  coating  or  cyst. 

Enderon  (Gr.  en,  in ;  lUftot,  skin).  The  Inner  plane  of  growth  of  the  outer 
integumentary  layer  (viz.,  the  ectoderm  or  epidenuis). 

Endocyst  (Gr.  endan,  within  ;  kustis,  a  bag).  The  inner  membrane  or  integu- 
mentary layer  of  a  PolyzoVn.  In  CrittatelUiy  where  there  is  no  "  ectocyst," 
the  endocyst  constitutes  the  entire  integument. 

Endoderm  (Gr.  endon;  and  derma^  skin).  The  inner  integumentary  layer  of 
the  Ccelenterata. 

E!nx)PODiTB  (Gr.  endon ;  and  pous,  foot).  The  inner  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 
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Endosarc  (Gr.  endon;  and  sarx^  flesh).    Thriimer  molecular  layer  of  sarcodc 

in  the  Anueba,  and  other  allied  Jihizopods. 
ExDOSKKLETON  (Gr.  cjidon  ;  and  skeUtoa^  dry).    The  internal  hard  stractorei, 

such  as  bones,  which  serve  for  the  attachment  of  muacles,  or  the  protectkm 

of  organs,  and  which  are  not  a  mere  hardening  of  the  integument. 
ExsiKOKM  (Lat.  ensis^  a  sword ;  forrna^  shape).    Sword-shaped. 
Entomophaga  (Gr.  entoma,  insects ;  phago,  I  eat).    A  section  of  the  )hi' 

supialia. 
ExTOMOSTRACA  (Gr.  entoma^  insects;  ostrahmf  a  shell).     Literally,  shelM 

insects — applied  to  a  division  of  Crustacea. 
Entozoa  (Gr.  entoSf  within ;  zoUn,  animal).    Animals  which  are  paruitic  in 

the  interior  of  other  animals. 
EocKXK  (Gr.  eoSj  dawn ;  kainos,  new  or  recent).    The  lowest  division  of  the 

Tertiary  rocks,  in  which  species  of  existing  shells  are  to  a  small  extent  it- 

preseutied. 
Ephippium  (Gr.  ephijipion ;  Lat.  ephi^ium,  saddle).    A  receptacle  on  tbr 

back  of  the  Dai)hnia,  in  which  the  winter  eges  are  deposited. 
Epidkrmis  (Gr.  epi^  upon ;  derma,  the  true  skin).    The  outer  non-vascoltf 

layer  of  the  skin,  often  called  the  scarf-skin  or  cuticU. 
Epimkra  (Gr.  epi,  upon ;  miron,  thigh).    The  lateral  pieces  of  the  dorsal  ait 

of  the  somite  of  a  Cruxtacearu 
Epi PODIA  (Gr.  epi^  upon ;  pous^  the  foot).    Muscular  lobes  developed  from  Ute 

lateral  and  upper  surfaces  of  the  "foot"  of  some  Moihuat, 
Epipodite  (Gr.  epiy  upon  ;  pouSy  foot).    A  process  developed  upon  the  basal 

joint,  or  "  protopo<iite,"  of  some  of  the  limbs  of  certain  Cnuttacea. 
Epistkkna  (Gr.  «/>/,  upon ;  stemorij  the  breast-bone).     The  lateral  pieces  of 

the  inferior  or  ventral  arc  of  the  somite  of  a  CrusUicran. 
Epjstomk  (Gr.  epi ;  and  sioma^  month).     A  valve -like  organ  which  arches  over 

the  mouth  in  certain  of  the  PolyztHi. 
Epitheca  (Gr.  ejn  ;  and  theke^  a  sheath).    A  continuous  layer  surrounding  thr 

the(w  in  some  Corals  externally. 
Epizoa  (Gr.  eply  uj)on ;  zitihi,  animal).     Animals  which  .ire  panuMtic  npou 

other  animals.     In  a  restricted  sense,  a  division  of  CnutUicea  which  an- 

parasitic  upon  fishes. 
Equilateral  (Lat.  a'qmis^  equal ;  latiis^  side).     Having  its  sides  e^^ual.    Usu- 
ally applied  to  the  shells  of  the  Brachiopoda.     When  applieil  to  the  spiral 

shells  of  the  Foramini/era,  it  means  that  all  the  convolutions  of  the  shell 

lie  in  the  same  piano. 
Equfvalve  (Lat.  aquuit,  equal ;  vaJva:,  foldiufc-doors).     Applied  to  shelU 

which  are  composed  of  two  equal  pieces  or  valves. 
Eruantia  (Lat.  errOy  I  w^ander).    An  ortler  of  Amielida,  often  called  Scrdda^. 

distinguished  by  their  great  locomotive  powers. 
EuuviTERiDA  (Gr.   curus,  broad;  ptermij  wing).     An  extiuct  sub-order  of 

Crustacea. 
ExopoDiTK  (Gr.  €X4i,  outside ;  pom,  foot).     The  outer  of  the  two  secondan' 

jointsS  into  which  the  tyjucal  limb  of  a  Cn(4ttacean  is  divided. 
E.xcKSKELETON  (Gr.  cxo^  outside ;  skeletns^  dry).    The  external  skeleton,  whicL 

is  constituted  by  a  hardening  of  the  integument,  and  is  often  called  a 

'*  denuoskeleton." 

Fasciculated  {Lsx,t.  fascieidux^  a  bundle).     Arranged  in  bundles. 

Fauna  (Lat.  Fauni^  the  niral  deities  of  the  Romans).  The  general  assem- 
blage of  the  animuls  of  any  region  or  district. 

P^EMUR.  The  thigh-bone,  intervening  between  the  pelvis  and  the  l^ones  of  tit 
leg  proper  {tilia  andjibtda). 

Fibula  ( Lat.  a  brooch).  The  outermost  of  the  two  bones  of  the  leg  in  tlit 
higher  Vertebraia;  corresponding  to  the  tdiia  of  the  fore-arm. 

Filiform  (Lat.  filum,  a  tliread  ;  /nrma,  shape).     Thread-shaped. 

FisaiLiNouiA  (]LbX.  jindo,  1  cleave  ;  linguay  tongue).  A  division  of  LacertilM, 
witli  bifid  tongues. 

Fission  {hsA,.  fndo,  1  cleave).  Midtiplication  by  means  of  a  process  of  «lf- 
division. 
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FissiPAROUs  (Lat.  Jindo  ;  and  parioy  I  produce).  Giving  origin  to  fresh  struc- 
tures by  a  procuas  of  fission. 

FISSIR0STRE3  (Lat.  JindOf  I  cleave;  rostrum^  beak).  A  sub-order  of  the 
Perching  Birds. 

Fl.\gellum  (Lat.  for  whip).  The  lash-like  appendage  possessed  by  many  In- 
fiis<yria,  which  are  therefore  said  to  be  "  flagellate." 

Flora  (Lat.  bUira,  the  go<liless  of  flowers).  The  general  assemblage  of  the 
plants  of  any  region  or  district. 

Ft)0T-JA\V8.  The  limbs  of  Crustacea,  which  are  modified  to  subserve  masti- 
cation. 

FooT-sKCRtmoN.  Tlie  term  applied  by  Mr  Dana  to  the  sclerobasic  corallum 
of  certain  Actinozoa. 

FooT-TUBKRCLEd.  The  unarticulated  appeutlages  of  the  Aiincluia,  often  called 
parapodia. 

FoRAMJNiKERA  (Lat.  fomm^n,  an  aperture;  fern,  I  carrj').  An  order  of  Pro- 
toz<yi,  usually  characterised  by  the  possession  of  a  shell  perforated  by 
numerous  pseudopodial  apertures. 

Fruqivorous  (Lat./riw;,  fruit;  voro,  I  devour).     Living  upon  fruit. 

Fl'Rculum  or  Furcula  (Lat.  dim.  of  furcu,  a  fork).  The  "  merry- thought " 
of  birds,  or  the  V-shaped  bone  formed  by  the  united  clavicles. 

Fcsiform  (Lat.  fiisiis,  a  spindle ;  and  /wnm^  shape).  Spindle-shaped,  or 
pointed  at  both  ends. 

Gallinacei  (Lat.  gallmuy  a  fowl).  Sometimes  applied  to  the  whole  order  of 
the  Rasorial  Birds,  but  properly  restricted  to  that  section  of  the  order  of 
which  the  common  Fowl  is  a<typical  example. 

Ganguon  (Gr.  ^igijli<m,  a  knot).  A  mass  of  nervous  matter  containing  nerve- 
cells,  anil  givmg  origin  to  nerve-fibres. 

Ganoid  (Gr.  gaivm,  splendour,  brightness).  Applied  to  those  scales  or  plates 
which  are  composed  of  an  inferior  layer  of  true  bone  covered  by  a  superior 
layer  of  polished  enamel. 

Ganoidei.    An  order  of  Fishes. 

Gasteropoda  jGr.  gcLSter,  stomach  ;  pous,  foot).  The  class  of  the  Molluscn 
Cf>niprising  tne  ordinary  univalves,  in  which  locomotion  is  usually  effecte<l 
by  a  muscular  expansion  of  the  under  surface  of  the  body  (the  "foot"). 

Gastrul.\  (Gr.  dim.  oigatiter^  stomach).  A  name  applied  by  Hasckel  to  that 
developmental  stage  in  various  animals,  in  wliich  tne  embryo  consists  of  two 
fundamental  membranes,  an  outer  and  an  inner,  enclosing  a  central  c^ivitv. 

Gemm.e  (Lat.  gemma,  a  bud).  The  buds  produced  by  any  animal,  whether 
detached  or  not. 

Gemmation.    The  process  of  producing  new  stnictures  by  budding. 

Gemmiparous  (Lat.  gemma,  a  bud  ;  pariOy  I  produce).  Giving  origin  to  new 
stnictures  by  a  process  of  budding. 

Gemmules  (Lat  dim.  of  gemma).  The  ciliated  embryos  of  many  Coslenterata  ; 
also  the  seed-like  reproiluctive  bodies  or  "  spores  "  of  Spfmgilla, 

Gephyrea  (Gr.  gephura,  a  bridge).  A  class  of  the  Anarthropoda,  comprising 
the  Spoon-worms  {Sijuinculiia)  and  their  allies. 

Gizzard.    A  muscular  division  of  the  stomach  in  Birds,  Insects,  &c. 

Gladiits  (Lat.  a  sword).  Applied  to  the  homy  endoskeleton  or  "pen*'  of 
certain  Cuttle-fishes. 

Glenoid  (Gr.  gleiie^  a  cavity ;  eidoa^  form).  A  shallow  cavity ;  applied  espe- 
cially to  the  shallow  articular  cavity  in  the  shoulder-blade  to  which  the  head 
of  the  humerus  is  jointed. 

Gnathites  (Gr.  gnathtJSf  a  jaw).    The  masticatory  organs  of  Crmtacea. 

GoXANQlCM  (Gr.  ^oiios^  offsjiring;  and  aggeiony  a  vessel).  The  chitinous 
receptacle  in  which  the  reproductive  bucU  of  certain  of  the  Hgdrozoa  are 
produced. 

GoNOBLASTiDiA  (Gr.  goHos,  offspring ;  Uastidion,  dim.  of  hUistos,  a  bud).  The 
processes  which  carry  the  reproductive  receptacles,  or  "  gonophores,"  in 
many  of  the  Hydrozoa, 

GoxocALTX  (Gr.  gono8  ;  and  kalttx,  cup).  The  swimming-bell  in  a  medusiform 
gonophore,  or  the  same  structure  in  a  gonophore  which  is  not  detached. 
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Hemiptera  (Gr.  hemi  ;  amXpleront  wing).    An  order  of  Insects  in  which  the 

anterior  wings  are  sometimes  *'hemelytra." 
Hermaphrodite  (Gr.  Hcnnes,  Mercury;  Aphrodite,  Venus).     Possessing  the 

characters  of  l)Oth  sexes  combined. 
Hkteroc'ERa  (Gr.  heteros^  diverse ;  kerfts,   honi).      Applied  to  the  Moths 

amongst  the  LepUloptera^  on  account  of  tho  great  variety  of  shape  in  their 

antennae. 
Hetkrocercal  (Gr.  heteros,  diverse ;   l-erkos,  tail).     Applied  to  the  tail  of 

Fislics  when  it  is  unsym metrical,  or  composed  of  two  unequal  lobes. 
Heterogaxguatk  (Gr.  UHeros,  diverse;  pmjijUon^   a  knot).     Possessing  a 

nervous  system  in  which  the  ganglia  are  scattered  and  unsymmetrical  (as 

in  the  MoUusca^  for  example). 
HFrrERooENESis  or  Ueterooent  (Gr.  heteros,  diverse ;  ncnesiSy  origin,  birth). 

The  production  of  living  beings  >vithout  pre-existent  living  beings.     Or,  the 

supposed  production  of  a  living  being  of  one  kind  from  a  jutrt  or  the  whole 

of  the  matter  of  another  living  being  of  a  perfectly  different  kind. 
Hkteromorfhic  (Gr.  heteros ;  morphe^  form).     Differing  in  form  and  shape. 
Heterophagi  (Gr.  heteros,  other ;  phago^  I  eat).     Applied  to  Birds  the  young 

of  which  are  born  in  a  helpless  condition,  and  require  to  be  fed  by  the 

parents  for  a  longer  or  shorter  perio<l. 
Heteroi»()Da  (Gr.  heteros,  diverse  ;  poilts,  feet).     An  aberrant  group  of  the 

Gasteropods,   in  which  the  foot  is  modified  so  as  to  form  a  swimming 

organ. 
Hexapod  (Gr.  hexa,  six ;  pons,  foot).    Possessing  six  legs ;  applied  to  the 

hisectii. 
HiLi^M  (Lat.  hUum,  a  little  thing).     A  snmll  aperture  (as  in  the  gemmules  of 

sponges),  or  a  small  depression  (as  in  SortUuca). 
HlRUDlNKA  (Lat.  hirudo,  a  horse-leech).     The  order  of  Annelida  comprising 

the  Leeches. 
Hl.ST(^L(>GY  (Gr.  hUtos,  a  web  ;  logos,  a  discourse).     The  study  of  the  tissues, 

more  especially  of  the  minuter  elements  of  the  boily. 
HoLOCEPHALi  (Gr.  h<tl<is^  whole  ;  kephale,  head).    A  sub-order  of  the  Elasmo- 

hranc/iii  comprising  the  Chiinara?. 
HoLOMETABOLic  (Gr.  kolos^  whole ;   nutaholc,  change).    Applied  to  Insects 

which  undergo  a  complete  metamorj^hosis. 
HoLosTOMATA  (Gr.  holoSt  whole  ;  stomuy  mouth).    A  division  of  Onsieropodous 

Molluscs,  in  which  the  aperture  of  the  shell  is  rounded,  or  **  entire." 
HoLOTHCROiDEA  (Gr.  h)lothourion ;  and  eidos,  form).   An  order  of  Echinoder- 

mata,  comprising  the  Trepangs. 
HoMOCERCAL  (Gr.  h/jmos,  same ;  kerhos,  tail).    Aj^plied  to  the  tail  of  Fishes 

when  it  is  symmetrical,  or  composed  of  two  equal  lobes. 
Ho.MO(}ANOLiATE  (Gr.  /loitws,  like  ;  gngglion,  a  knot).     Having  a  nervous  sys- 
tem in  which  the  ganglia  are  symmetrically  ai ranged  (as  in  the  Annvlosa, 

for  example). 
HoMOLOGOirs  (Gr.  homos;  and  logos^  a  discourse).    Applied  to  parts  which 

are  constructed  upon  the  same  funtiameutal  plan. 
Ho.\jOMORPHOU8  (Gr.  homos;  and  morpfie,  form).     Having  a  similar  external 

appearance  or  form. 
HU.MERU8.    Tlie  bone  of  the  upper  arm  (brachium)  in  the  Vertebrates. 
Hyaline  (Gr.  hunlos,  crystal).    CYystalliue  or  glassy. 
Hydatids  (Gr.  hudalis,  a  vesicle).    The  vesicle  containing  the  larval  forms 

(Echinococci)  of  the  tape- worm  of  the  dog. 
Hydrakorm.     Resembling  the  common  fresh-water  polype  (ffwlra)  in  form. 
Hydranth  (Gr.  hudra,  water-8eri>ent ;  and  anthos,  flower).    The  "polypite** 

or  proper  nutritive  zooid  of  the  Ilydrozoa. 
Hydrocaulus  (Gr.  htdra,  a  water-serpent ;  and  kanlos,  a  stem).    The  main 

stem  of  the  crenosarc  of  a  Hydrozoiin. 
Htdrocysts  (Gr.  hudra;  and  kustis,  a  cyst).     Curious  processes  attached  to 

the  coenosarc  of  the  Physophorida,  and  termed  "  feelers  "  {FUhler  and  Tasti  r 

of  the  Germans. 
Hydr<£cium  (Gr.  hudra  ;  and  otkos,  a  house).    The  chamber  into  which  the 

ccenosarc  in  many  of  the  Catycophorida  can  be  retracted. 
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Htduoida  (6r.  hudra  ;  anil  eidoi,  form).  The  sab-class  of  the  Bydntzoa^ 
which  comprises  the  animals  most  nearly  allied  to  the  Hydra. 

Htdkophtllia  (6r.  hiidra;  And  phttlhn,  a  leaf).  OverlApping  appendagen 
or  plates  which  protect  the  polypites  in  some  of  the  oceanic  JaydnaM 
{Caii/coph(frid(e  and  Physophoridce).  They  are  often  termed  "  bracts,"  and 
are  the  **  DechstUcke'*  of  the  Germans. 

Hydrokhiza  (Gr.  hiulra  ;  and  rhiza,  root).  The  adherent  base  or  proxinud 
extremity  of  any  IlydrozoOn. 

Hy'Drosoma  (Gr.  hudra;  and  tfoma,  body).  The  entire  organism  of  any 
JIydrozt}8}i. 

Qydrothkca  (Gr.  hudra;  and  theke,  a  case).  The  little  chitinons  cap  in 
which  the  ])olyr»ites  of  the  Sertularida  and  Campanularida  are  protectai 

Htdrozoa  (Gr.  hudra ;  and  zoiin,  animal).  The  class  of  the  Ctrltntfrain, 
which  comprises  animals  constructed  after  the  type  of  the  Hydra. 

Hymenoptkra  (Gr.  hntn^n,  a  membrane;  pteron,  awing).  An  order  of  In- 
sects (comprising  Beetles,  Ants,  kc.)  characterised  by  tne  possession  of  four 
membranous  wings. 

Hyoid  (Gr.  (/;  eidos,  form).  Tlie  bone  which  supports  the  tongue  in  Verte- 
brates, and  derives  its  name  from  its  resemblance  in  man  to  tlie  Greek 
letter  U. 

IIypostomk  (Gr.  hufw,  under ;  stoma^  mouth).  The  upper  lip,  or  "Ubrum," 
of  certain  Crustacea  {e.g.,  Trilobites). 

Hyracoidka  (Gr.  hunvc,  a  shrew  ;  eidos,  form).  An  onler  of  the  Afamwudia 
constituted  for  the  reception  of  the  single  genus  Hyrax. 

Icfithyodorulitk  (Gr.  ichthus,  fish ;  dorus,  spear ;  lithos,  stone).    The  fossil 

fill-spines  of  Fishes. 
IcHTHYOMORPHA  (Gr.  ichthits ;  niorphe,  shape).      An  order  of  AmphibbnN 

often  callt*(l  UiCKMa,  comprising  the  fish -li lie  Newts,  &<\ 
ICHTHYOPHTHIRA  (Gr.  ickthus  /  phtheifj  a  louse).    An  onler  of  Crustocea  con;- 

prising  animals  which  are  parasitic  upon  Fishes. 
[CHTHYOPsiDA  (Gr.   ichthus ;   npsis^  appearance).     The  primary  division  of 

Vt'rtcbnita,  comprising  the  Fishes  ami  Amphibia.     Often  s]K)keii  of  as  tlk- 

Bra  urJi  iate  VerteWa  ta . 
IciiTHYOPTKHYdiA  (Gr.  ichth\is  ;  pferu-:c,  wing).     An  extinct  order  of  Reptilf-. 
IcHTHYosAURiA  (Gr.  ichthus ;  mura,   lizard).      Synonymous  with  Ictith^n- 

pterygia. 
Ilium.    The  haunch-l>one,  one  of  the  bones  of  the  pelvic  arch  in  the  hiirher 

Veite^rates. 
Ima<;()  ( Lat.  an  image  or  apparition).    The  perfect  insect,  after  it  h.is  under- 
gone its  metamorphoses. 
Imbricatkd.     Applied  to  scales  or  plates  which  overlap  one  another  like  tilrs. 
Incisor  (Lat.  incidn,  1  cut).    The  cutting  teeth  fixed  in  the  intermaxillary 

bones  of  the  MainmaUa^  and  the  corresponding  teeth  in  the  lower  jaw. 
iNEQriLATKRAL.     Having  the  two  sides  unequal,  as  in  the  case  of  the  sIrT;-* 

of  tlie  ordinary  bivalves  {LamellUtranchinta).     When  aiJplied  to  the  shdl" 

of  the  Foraminift^ra,  it  implies  that  the  convolutions  of  the  shell  do  not  lie 

in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 
iNKQur VALVE.     Composed  of  two  une<iual  pieces  or  valves. 
iNFUNDrBUurM  (Lat.   for  funnel).    Tlie  tul>e  formed  by  the  coalescence  or 

apposition  of  the  epiuodia  in  the  Cephalojyoda  —  commonly  terme«l  tbf 

♦'funnel"  or  "siphon.^' 
Infusoria  (Lat.  iii/vsum,  an  infusion).     A  class  of  Protozoa,  so  calle^i  Ir- 

cause  they  are  often  developed  in  organic  infusions. 
TN«;rrNAL  (Lat.  ijujnen,  groin).     Connected  with,  or  situated  upon,  the  groin. 
Inopkrculata  (Lat.  m,  without;  opercufum,  a  lid).     The  division  of  pal- 

mon.ite  (rastfropofla  in  which  there  is  no  shelly  or  horny  plate  toj>erculutii' 

by  which  the  shell  is  closed  when  the  animal  is  withdrawn  witldn  it. 
Insecta  (Lat.  inseco,  I  cut  into).    The  class  of  Articulate  animals  commonly 

known  as  Insects. 
iNSKcxrvoRA  ( Lat.  insrctum,  an  insect ;  voro,  I  devour).     An  order  of  Mammals* 
LvsECTivoRous.     Living  upon  Insects. 
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Inskssores  (Lat.  insedco,  I  sit  upon).  The  order  of  the  Perching  Birds,  often 
called  Passeres, 

Interambui^cra.  The  rows  of  plates  in  an  Echhwderm  which  are  not  per- 
forated for  the  emission  of  the  **twi)e-feet." 

iNTKRMAXTLLiE  OF  Pk.emaxill.e.  Tlie  two  bones  which  are  situated  between 
the  two  superior  maxills?  in  Vertdfratn.  In  nian»  and  some  monkeys,  the 
priemaxillou  anchylose  with  the  maxillse,  so  as  to  l>e  in'ecognisable  in  the 
adult. 

TxTUssrscEPnoN  (Lat.  intusy  within  ;  siisa'pi-o,  I  take  up).  The  act  of  taking 
foreign  matter  into  a  living  being. 

Jnvertkbrata  (Lat.  in,  without;  vertehra,  a  bone  of  the  back).  Animals 
without  a  spinal  column  or  backbone. 

Ischium  (Gr.  ischion,  the  hip).  One  of  the  bones  of  the  pelvic  arch  in  Verte- 
brates. 

IsopoDA  (Gr.  isnsj  equal ;  pode^,  feet).  An  order  of  Cnutacea  in  which  ^he 
feet  are  all  like  one  another  and  equal. 

Jur.rLAR  (Lat.  jtif/ulumy  the  throat).  Connected  with,  or  placed  upon,  the 
throat.  Applieil  to  the  ventral  tins  of  llshes  when  they  are  placed  l)eneath 
or  in  advance  of  the  pectorals. 

KAiyozoic  (Gr.  kainog,  recent ;  zoS,  life).    The  Tertiary  period  in  Geology, 

comprising  those  forniations  in  which  the  organic  remains  approximate  more 

or  less  closely  to  the  existing  fauna  and  flora. 
KERATr)DE  (Gr.  keraa,  horn  ;  eidos,  fonn).    The  homy  substance  of  which  the 

skeleton  of  many  Snonges  is  made  up. 
Kkrathisa.    The  division  of  Sponges  in  which  the  skeleton  is  composed  of 

keratode. 

LvBiUM  (Lat.  for  lip).    Restricted  to  the  lower  lip  of  Articulate  animals. 
Labrum  (Lat.  for  lip).     Restricted  to  the  upper  lip  of  Articulate  animals. 
Labyrinthodontia  (Gr.  laburinthos,  a  labyrmth  ;  odnus,  tooth).     An  extinct 

order  of  Amjthibia,  so  called  from  the  complex  microscopic  structure  of 

the  teeth. 
Lacertilia  (Lat.  lacerta,  a  lizanl).     An  order  of  Reptilia  comprising  the 

Lizards  ana  Slow-worms. 
LiE.MODiK)DA  (Gr.  laimoSy  throat ;  rfw,  twice  ;  podes^  feet).    An  order  of  Crua- 

Utcea^  so  called  because  they  have  two  feet  placed  far  forwards,  as  it  were 

under  the  throat. 
Lamellibranchiata  (Lat.  lamelin,  a  plate ;  Gr.  bra^jchui,  gill).    The  class  of 

Molluscay  comprising  the  ortlinary  bivalves,  characterised  by  the  possession 

of  lamellar  gills. 
Lamellikostres  (Lat.  lamelhiy  a  plate ;    rostrum^  beak).      The  flat  -  billed 

S\vimming  Birds  {Naiat<rre8),  sucn  as  Ducks,  Geese,  Swans,  &c. 
Larva  (Lat.  a  mask).    I'he  insect  in  its  first  stage  after  its  emergence  from 

the  egg,  when  it  is  usually  very  diflFerent  from  the  adult. 
Larynx.    The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropriate 

muscles  and  cartilages,  situated  beneath  the  hyoid  bone,  and  concerned  in 

Mammals  in  the  protluctioii  of  vocal  sounds. 
Lenticular  (Lat.  lens^  a  bean).    Shaped  like  a  biconvex  lens. 
LEPiDorTERA  (Gr.  lepisy  a  scale;  ptcron^  a  wing).    An  order  of  Insects,  com- 
prising Butterflies  and  Moths,  characterised  by  possessing  four  wings  which 

are  usually  covered  with  minute  scales. 
Lkpidota  (Gr.  lepU,  a  scale).     Formerly  applied  to  the  order  Dipnoi^  con- 
taining the  Mud-fi.shes  {Lepidosiren). 
Leptocardia  (Gr.  leptoSy  slender,  small ;  mrdia,  heart).    Tlie  name  given  by 

MUller  to  the  order  of  Fishes  comprising  the  Lancelot,  now  called  Pharyn- 

gof/ranchii. 
LiGAMENTUM  NUCHiE  (Lat.  nucha,  the  nape  of  the  neck).    The  band  of  elastic 

fibres  by  which  the  weight  of  the  head  in  Mammalia  is  supported. 
Lingual  (Lat.  Urujuaj  the  tongue).    Connected  with  the  tongue. 
LissEiiOEFHALA  (Gr.  liatoSf  smooth ;  egkephalos,  brain).    A  primary  divisicn 
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of  Mammalia,  according  to  Owen,  in  which  the  cerebral  hemispheres  are 
smooth  or  have  few  convolutions. 

LiTHocYSTS  (6r.  litho8f  a  stone ;  hutis,  a  cyst).  The  sense-oi^gans  or  "  mar- 
ginal bodies  "  of  the  Lucemarida  or  SUgaHcipktiMlmate  Meduaa, 

LoNGiPENNAT^  (Lat.  loRtjus,  long ;  ptnnoj  wing).  A  groap  of  the  Natatorial 
Birds. 

LoNoiROSTRES  (Lat.  lohjpu  ;  rostrum,  beak).    A  group  of  the  Wading  Birds. 

LurHOPHORE  (6r.  loph(ts,  a  crest ;  KoAph^ro,  I  carry).  The  disc  or  stage  npon 
wliich  the  tentacles  of  the  Polyxoa  are  borne. 

LoPHYUoroDA  (Gr.  lophourot,  having  stiff  hairs ;  and  podes,  feet).  A  section 
of  Crustacea. 

LoRTCA  (Lat.  a  breast-plate).  Applied  to  the  protective  case  with  which  cer- 
tain Jn/usnria  are  provided. 

LORICATA  (Lat.  lorica,  a  cuirass).  The  division  of  Reptiles  comprising  th« 
CheloiJa  and  Crocodilia,  in  which  bony  plates  are  developed  in  the  skio 
{derma). 

TiUCERXARiDA  (Lat.  lucema,  a  lamp).    An  order  of  the  Ujfdrozoa. 

Lumbar  (Lat.  lumbus,  loin.)    Connected  with  the  loins. 

Ll'nate  (Lat.  luna,  moon).    Crescentic  in  shape. 

Lyknckfhala  (Gr.  luo,  I  loose ;  tgkephcUoi,  urain).  A  primary  division  of 
Mammals  according  to  Owen. 

Macrodacttli  (Gr.  makros,  long ;  daktuloi,  a  finger).   A  group  of  the  Wadbg 

Birds. 
Macrura  (Gr.  makrnt,  long;   oura,  tail).     A  tribe  of  Decapod  Cruttacfnm 

with  long  tails  {e.g.,  the  Lobster.  Shrimp,  &c.). 
MAPRKroKiFORM.    Perforated  with  small  holes,  like  a  coral ;  applied  to  the 

tubercle  by  wliich  the  ambulacral  system  of  the  Echinodcmu  mostly  coiu- 

municates  with  the  exterior. 
Malacostraca  (Gr.  mnjakosy  soft ;  ostmkon,  shell).     A  division  of  Crustarffi. 

Originally  applied  by  Aristotle  to  the  entire  class  Cmstucea,  l>ecause  their 

shells  were  softer  than  those  of  the  Afdbisca. 
Mallophaga  (Gr.  mnllosy  a  fleece  ;  phatjo,  I  eat).     An  onier  of  Insects  which 

are  mostly  parasitic  upon  birds. 
Mammalia  (Lat.  nuimmay  the  breast).    The  class  of  Vertebrate  animals  which 

suckle  their  young. 
Mandible  (Lat.  mandibuJum,  a  jaw).    The  upper  pair  of  jaws  in  Insect?: 

also  applied  to  one  of  th(;  pairs  of  jaws  in  Crustacea  and  Spiders,  to  the  Wik 

of  Cephalopotls,  the  lower  jaw  of  Vertebrates,  &c. 
Mantle.     Tlie  external  integument  of  most  of  the  Mollusca,  which  is  lar^Iy 

developod,  and  forms  a  cloak  in  which  the  viscera  are  protected.    Teclmi- 

cally  ciilled  the  "pallium." 
Manurkium  (Lat.  a  liandle).    The  jwlypite  which  is  susj^ended  from  the  r>of 

of  the  swimming-bell  of  a  Medusa,  or  from  the  gonocalyx  of  a  medusiforr. 

f(onoj)hore  amongst  the  HydroztKi. 
Manus  (Lat.  the  hand).     The  hand  or  fore-foot  of  the  higher  Vertebrates. 
Marsipobhanchii  (Gr.  marsipof,  a  pouch;   Im^fgchia,  gill).     The  order  of 

Fi.shes  comprising  the  Ha^-hshes  and  Lami>rey.s  with  j>ouch-like  giil>. 
Marstplvllv  (Lat.  vwrsujuum,  a  pouch).     An  order  of  Mammals  in  whii'. 

the  fi;malt?s  mostly  have  an  abdominal  pouch  in  which  the   youn^  a:-- 

carried. 
Mastax  (Gr.  mouth).     Tho  muscular  pharynx  or  "buccal  funnel"  into  whirl. 

tlie  mouth  oj>eiis  in  most  of  the  RotiJ'cra. 
Masticatory  il^at.  mastlcn,  I  chew).     Applied  to  parts  ada])teil  for  chewiD-.:. 
Maxili^k  (Lat.  jaws).     The  inferior  pair  or  i)airs  of  jaws  in  the  ArtJ<i-j^»h 

(Inse(;ts,  Cnistucea,  &c.).     The  upper  jaw-bones  of  Vertebrat».-s. 
Maxillii'Kdks  (Lat.  mnarilfw,  javrn ;  pes,  the  foot).     The  limbs  in  Crust i-^.-.t 
and  Jfi/n'tifMMla  which  are  converted  into  ma.sticatorj'  organs,  and  are  coi; 

mouly  called  "foot -jaws." 
Medt'li^v  (Lat.  marrow).     Applied  to  the  marrow  of  bones  ;  or  to  the  si»:r:i! 

cord,  with  or  withont  the  adjective  **  sfmia/is." 
MEDUS.E.     An  order  of  JIi/droztHi,  tommonly  known  as  Jelly-fishes  (//wt- 
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phorUy  or  AcaUpha),  so  called  because  of  the  resemblance  of  their  tentacles 

to  the  snaky  huir  of  the  Meilusa.    Many  Mtdvusce  are  now  known  to  l>e 

merely  the  gonophores  of  Uydrozaa, 
Medusifokm.    Resembling  a  Medusa  in  shape. 
Medusoid.    Like  a  J/e</t/#a  ;  used  substantively  to  designate  the  medusiform 

gonophores  of  the  Hydrozoa. 
Membrana  nictitans  (Lat.  nicio,  I  wink).    The  third  eyelid  of  Birds,  &c. 
Mentum  (Lat.  the  chin).    The  basal  portion  of  the  labium  or  lower  lip  in 

Insects. 
Merostomata  (Gr.  meron,  thigh  ;  sionuiy  mouth).    An  order  of  Crustacea  in 

which  the  appendages  which  are  placed  round  the  mouth,  and  which  offi- 
ciate as  jaws,  have  their  free  extremities  developed  into  walking  or  pre- 
hensile on^ans. 
Mesenteries  (Gr.  m^sost  intermediate  ;    enteron^  intestine).    In  a  restricted 

sense,  the  vertical  plates  which  divide  the  somatic  cavity  of  a  Sea-anemone 

(Actinia)  into  chambers. 
Mesopodium  (Gr.  mesos,  middle ;  pons,  foot).     The  middle  portion  of  the 

"foot  of  Molluscs." 
Mesosternum  (Gr.  mesoSy  intermediate;    stemony  the  breast  -  bone).      The 

middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 

second  pair  of  ribs  and  the  xiphoid  cartilage  (xiphistftrnum). 
Mesotuorax  (Gr.  mews ;  and  thorax^  the  chest).    The  nuddle  ring  of  the 

thorax  in  Insects. 
Mesozoic  (Gr.  mesos  ;  and  zok^  life).    The  Secondary  period  in  Geology. 
Metacarpus  (Gr.  meia^  after  ;  htrposy  the  wrist).    The  bones  which  form  the 

*'  root  of  the  hand,"  and  intervene  between  the  wrist  and  the  fingers. 
Metamorphosis  (Gr.  meta,  implying  change  ;  morphcy  shaj^e).    The  changes 

of  form  which  certain  animals  undergo  in  x)assing  from  their  younger  to 

their  fully-grown  condition. 
Metapodium  (Gr.  meia,  after ;  /was,  the  foot).    The  posterior  lobe  of  the  foot 

in  MoUusca;  often  called  the  "  operculigerous  lobe, '  because  it  develops  the 

operculum  when  this  structure  is  present. 
Metastoma  (Gr.  meta,  after;  stoma,  mouth).     The  plate  which  closes  the 

mouth  posteriorly  in  the  Cnistacea. 
Metatarsus  (Gr.  meta,  after;  tarsos,  the  instep).   The  bones  which  intervene 

between  the  bones  of  the  ankle  {tarsus)  and  the  digits  in  the  hind-foot  of  the 

higher  Vertebrates. 
Metathorax  (Gr.  meta,  after ;  thorax,  the  chest).    The  posterior  ring  of  the 

thorax  in  Insects. 
Metazoa  (Gr.  meta,  implying  change  ;  zn&n,  animal).     Applied  to  animals  in 

which  the  primitive  indifferent  tissue  of  the  embryo  becomes  converted  into 

cells,  which  in  turn  may  or  may  not  be  developed  into  more  complex  tissues. 

Under  this  head  are  included  all  animals  except  the  Protozoa. 
Mimetic  (Gr.  mimetikos,  imitative).     Applied  to  organs  or  animals  which 

resemble  each  other  in  external  appearance,  but  not  in  essential  structure. 
M0L.VRS  (Lat.  Viola,  a  mill).    The  ** grinders"  in  man,  or  the  teeth  in  diphyo- 

dont  Mammals  which  are  not  preceded  by  milk-teeth. 
MoLLUSCA  (Lat.  mollis,  soft).     The  sub-kingdom  which  includes  the  shell- 
fish proper,  the  Folyzod,  the  Tunicata,  and  the  Lamp-shells  ;  so  called  from 

the  generally  soft  nature  of  their  bodies. 
MoLLUScoiDA  (Afollusca  ;  Gr.  eid^ts,  form).   The  lower  division  of  the  MoUusca, 

comprising  the  Polyzixt,  Tunicnta,  and  Brachioj^nla. 
Monads  (Gr.  moiias,  uuity).    Microscnjiical  organisms  of  an  extremely  simple 

character,  developed  in  organic  infusions. 
MoNEUA  (Gr.  mi/neres,  single).    An  order  of  Protozoa,  comprising  animals 

composed  of  simple  undifferentiated  sarcode. 
Monoculous.    Possessed  of  only  one  eye. 
MoNODELPHiA  (Gr.  monos,  single ;  delphtts,  womb).   The  division  of  Mammalia 

in  which  the  uterus  is  single. 
MoN(Eciou8  (Gr.  monos,  single;   oikos,  house).    Applied  to  individuals  in 

which  the  sexes  are  united. 
MoNOUTART  (Gr.  monos,  single ;  mvon,  muscle).    Applied  to  those  bivalves 
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{Laniellibranchiata)  in  which  the  shell  is  closed  by  a  single  adductor 

mu8cle. 
MoNOPH  YODONT  (6r.  monos  ;  phuo,  I  generate ;  odoua,  tooth).  Applied  to  those 

Mammals  in  which  only  a  single  set  of  teeth  is  ever  developed. 
MoNOTHALAMOUS  (Gr.  motios ;  and  thalamot,  chamber),      rosaessing  only  a 

single  chamber.     Applied  to  the  shells  of  Foramini/eira  and  MoUusea, 
MoNOTBEMATA  (Gr.  monos ;  trema,  aperture).    The  order  of  Mammals  com- 
prising the  Duck-mole  and  Echidna,  in  which  the  intestinal  canal  opew 

into  a  ^'cloaca"  common  to  the  ducts  of  the  urinary  and  generative  or^uis. 
MuLTiLocuLAR  (Lat.  multus,  many ;  loculus,  a  little  purse).      Divided  into 

many  chambers. 
MuLTivALVE.    Applied  to  shells  which  are  composed  of  many  pieces. 
MULTUNGULA  (Lab.  muUuSj  many;  unguia,  hoof).    The  division  of  Periaso- 

dactyle  Ungulates,  in  which  each  foot  has  more  than  a  single  hoof. 
MYEiiON  (Gr.  muelosy  marrow).    The  spinal  cord  of  Vertebrates. 
Mtriapooa  or  Myriopoda  (Gr.  murios,  ten  thousand ;  poeUs,  feet>.    A  cls« 

of  A  rthropotla  comprising  the  Centipedes  and  their  allies,  characterised  Iiy 

their  numerous  feet. 

Nacreous  (Fr.  nacre,  mother-of-pearl,  originally  Oriental).    Pearly ;  of  the 

texture  of  mother-of-pearl. 
Natatores  (Lat.  nare,  to  swim).    The  order  of  the  Swimming  Birds. 
Natatory  (fjat.  nare,  to  swim).    Formed  for  swimming. 
Nautiloid.     Resembling  the  shell  of  the  Nautilus  in  shape. 
Nectocalyx  (Gr.  nech<fy  I  swim ;  halux,  cup).    The  swimming-bell  or  "diM" 

of  a  Medusa  or  Jelly-fish. 
Nematelmia  (Gr.  neyna,  thread ;  hflmins,  a  worm).   The  division  of  Scolccuia 

comprising  tlie  Round-worms,  Thread-worms,  kc, 
Nematocvsts  (Gr.  n^ma^  thread ;  kustisy  a  bug).      Tlie  thread-cells  of  the 

Ccelfnferatn.     (See  Cnidjp.) 
Nkmatoidka  (Or.  nenui,  thread;  eidos^  form).     An  order  of  ASct>i<t:ida  com- 
prising the  Thread- worms.  Vinegar-eels,  kc. 
Nematophores  (Gr.  nema,  thread ;  phero,  1  carr>').   Crt*cal  jirocesse-*  found  on 
the  c<j'no.sarc  of  ceilain  of  the' Sertularidaj  containing  numerous  thread-i^Il* 
at  their  extremities. 
Nemkrtida  (Gr.  Nemertes^  proper  name).      A  division  of  the   TtfrfjfUttri'.'u 

Wanns^  commonly  called  "  Ribbon-worms." 
Nervurks  (Lat.  nervus,  a  sinew).    The  ribs  M-hich  support  the  membmnon^ 

wings  of  insects. 
Neural  (Gr.  neurtm^  a  nen'e).     Connected  M-itli  the  nen'ous  system. 
Neurapophysis  (Gr.  neuron^  a  nerve ;  apopkush^  a  projecting  }>art).      Thf 
"  spinous  process  "  of  a  vertebra,  or  the  process  formed  at  the  point  of  junc- 
tion of  the  neural  arches. 
Neuropodii'M  (Gr.  neurrm,  a  nerve;  pous,  the  foot).     The  ventral  or  inferior 
division  of  the  ''foot-tubercle"  of  an  Annelide;  often  called  the  **  ventral 
oar. 
XErR()i»TFRA  (Gr.  n/ritrnn;  and  pterrm,  a  wing).     An  order  of  insects  charac- 
terised by  four  membranous  wings  with  numerous  reticulated  uenures  [f.ir-. 
Dragon -flies). 
Neuter  (Lat.  neither  the  one  nor  the  other).     Having  no  fully  develojieil  sex. 
Nidification  (Lat.  vidiis,  a  nest ;  fart'o^  I  make).     The  buihling  of  a  nest. 
Nocturnal  (Lat.  7*«.r,  night).     Applied  to  animals  which  are  active  by  night. 
Nr)RMAL  (Lat.  myinua,  a  rule).     Conforming  to  the  ordinary  st-andartl. 
N()TOBRAXcnL\TA  (Gr.  notos,  the  back  ;  and  Inrogchia.  gill).   Carrying  the  gill*« 

upon  the  back  ;  applied  to  a  division  of  the  A  nvelida. 
NoTocHORD  ((Jr.  7iotits,ihe  back;  chordc^  string).  A  cellular  rod  which  i< 
developed  in  the  embryo  of  Vertebrates  immediately  beneath  the  t^pinal 
cord,  and  which  is  usually  replaced  in  the  adult  by  the  vertebral  column. 
Often  it  is  snoken  of  as  the  **chor<la  dorsalis." 
NoTOPODiUM  (Gr.  votoK,  the  l>ack ;  and  jmis,  the  foot).  The  dorwil  division 
of  one  of  the  foot- tubercles  or  parajKHlia  of  an  A  nntUdc  ;  often  called  the 
"dorsal  oar.'* 
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NliCLEATKD.    Posnesaina  a  nnclenii  or  central  particle. 

KucLinLl-B.  1.  The  uiinate  ootiil  inuticlc  in  the  interior  of  the  nucleim  ol 
Hjnie  cells.  2.  Tlie  minute  sjiherital  particle  atlatheil  to  the  eiterior  of  tlie 
"nuiJeus"  or  ovary  ot  certain  lt\fusoria,  performing  the  functions  of  a 

NrcLErs  (Lat.  nuchia.  a  kemel).  1.  Tlie  aolid  nr  Tenicnlar  liody  round  in 
many  cells.  2.  The  aolid  rod,  or  band-iiliaped  hoily  found  iu  the  interior  ol 
niaiiv  of  th«  Proti-^oa.  and  having,  in  rertiiin  of  them,  the  rnnctionii  of  an 
ovary.  3.  Tlio  '■  nia<lreporifonn  tnberrle"  of  the  Kchiiuflermata.  i.  Tlia 
emliryoaic  Hhellwhldi  ia  letaiued  to  torni  the  apex  of  the  adult  shell  in 
many  of  the  Molluaea. 

MruiBttANcHUTA  (Lat.  nuiltu,  naked;  anil  dr.  hrngchia,  gill).  An  orilcr  ul 
the  O'culrrupoda  ia  which  the  fplli  are  nuked. 

NvuPHS.    Tlie  active  pupa  of  certain  Insects. 

Occipital.    Connected  with  the  aeripui  or  the  hack  part  of  the  head. 

■I  (Ut.  d  ,    .   , 

nm,  SpideTH.  Crustaceans,  Molluitcs,  kl-. 

n>DA  (Qr.  oelo,  eight ;  poia,  foot).    The  tribv  of  CutCle.flnhen  with  eight 

IS  attached  to  tlie  heacL 

....'I  (Or.  nrfoujr.  tooth;  ktior,  whale).  The  "toothed"  Whales,  in 
ivniradisti  notion  to  the  "  whalebone  "  Whales. 
Odoxtihd  ((ir.  orlom;  ekiot,  form.)  Tlie  "odontoid  procenH"  is  the  centnim 
or  bmly  of  the  Hrit  cervical  vertelira  {(itl'u).  It  is  detnrhed  from  the  atlns, 
and  is  usnally  anchylosed  with  the  neeond  CBTvical  vertebra  (ojcia),  and  it 
furmH  the  pivot  upon  which  the  hea<l  mtatcs, 
ODHNTorHORE  (Or.  odoiu,  tooth;  fikao,  I  carry).     The  so-railed  "tongue" 

or  masticatory  apparatus  ot  ilaitemimda,  Pleropadn.  and  t'rphalnjxiila. 
UDi>N'n>PTERTx'(Gr.  oifowi,  tooth  ;  pUmx,  wing).    An  extinct  genus  of  Birds. 
Odontohkitheb  (Or.  adaua,  tooth ;   othm,  bini).    Tlie  extinct  sub-clsiu<  of 

BirtU  comprising  fonus  with  distinct  teeth  in  sockets. 
<ES0PHAUUS.     The  gnlhjt  or  tulie  leadln|{  from  the  mouth  to  the  stomach. 

ants,  commonly 

_.....  ,    .    nany-pliea. 

Omnivokous  (Lat  omnia,  everj'thlng ;  roro,  I  devour).     Feeding  iiidiscrinil- 

natelyupon  all  sorts  of  food. 
Ony(jiiufH()Iu  (Or.  anux,  claw  or  nail  i  phero,  I  cany).    The  order  of  -which 

Peripatii*,  with  its  hooked  fcpt.  is  the  tj'jie. 
OixirSTS  (Gr.  ouH,  egg  ;  ktutu,  bladder).     Chambers  appemied  to  the  cells  of 

certain  of  the  Polyioa,  which  serve  as  a  receptacle  for  tlie  eggs.    Sometimes 

calleil  '■ovicells." 
()PKHC[-i.ATA  (Lat  apfreiilun,  a  lid).    A  division  of  pulmonate  Giuteropoda, 

in  which  the  shell  is  closed  by  an  operculum. 
UpERci-t.VK.    A  homy  or  shelly  plate  develoiwd,  in  certain  MMutra,  upon 

the  hinder  port  of  the  foot,  ami  serving  to  close  the  ajwrture  of  the  sliell 

when  the  animal  is  retracted  within  it ;  also  the  lid  of  the  shell  of  a  Utila- 

Hiwor  Acoru4heli;  also  the  chain  of  Hat  bones  which  covers  the  gills  in 

many  flshea. 
QpHtDra  ((Jr.  ophU,  a  serpent).    The  order  of  Reptiles  comprising  the  Snakes, 
Ol>lui>»BATFiArHlA  |Gr.  iijiklt :  balsachot,  a  frog).    Sonietiiues  al>p11ed  to  the 

order  of  Snake-like  Amphibians  comprising  the  Cireilia:. 
Ophiohohpha  (Gr.  upkiaj  morphe,  shape).    The  order  of  Amphibia  compris- 
ing the  CaviJia. 
OfHlliRniDKA  (Gr.  opkit,  snake  ;  onm,  tail ;  eid»>,  form).   An  onler  of  £chino- 

deraiatit  comprising  the  Brittle-stars  and  Sand-stArs. 
OriSTHOBRANCHiAT*  (Or.  oplsthfji,  behind;   bragcbia.  gill).     A  division  of 

Oarttropiida,  in  which  the  gills  are  placed  on  the  posterior  ^rt  of  the  body. 
OpiHTBocteuitrt  (Or.  ojiitthm,  behind  ;  koilet.  hollow).   Applied  to  vertebr» 

the  bodies  ot  which  are  hollow  or  concave  behind. 
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Oral  (Lat.  osy  month).    Connected  with  the  month. 

Ornithodelphia  (Gr.  omis,  a  bird ;  delphus,  womb).    The  primary  division 

of  Mammals  comprising  the  Monotrtmata. 
Ornituoscrlida  (Gr.  amis,  bird ;  ^beloM,  leg).    Applied  by  Hnzley  to  the 

Deinosaurian  Reptiles,  together  with  the  genns  CompsoffnathuSf  on  accoont 

of  the  bird-like  cnaracters  of  their  hind-limbs. 
Obthocbratida  (Gr.  orthos,  atraij^ht ;  kerat,  horn).    A  family  of  the  Xau- 

tilidm^  in  which  the  shell  is  straight,  or  nearly  so. 
Orthoftera  (Gr.  orthoif  stndght ;  pteron,  wing).    An  order  of  Insects. 
OscuLA  (Lat.  diminutive  of  o»,  month).    1.  The  large  apertures  by  which  a 

sponge  is  perforated  (^^ezhalant  apertures*').    2.  The  Backers  with  which 

the  Tcmiaaa  (Tape-worms  and  Cystic  Worms)  are  provided. 
OssicuLA  (Lat.  diminutive  of  oa,  bone).    Literally  small  bonesw    Often  used 

to  <lesiguate  any  hard  structures  of  small  size,  such  as  the  calcareous  plates 

in  the  integument  of  the  Star-fishes. 
OsTRACODA  (Gr.  ostrakonj  a  shell).    An  order  of  small  Cmstaceans  which  SR 

enclosed  in  bivalve  shells. 
Otolitus  (Gr.  ou3y  ear ;  and  lUhoM^  stone).    The  calcareous  bodies  connected 

with  the  sense  of  hearing,  even  in  its  most  rudimentary  form. 
Ovarian  Vesiclks  or  Capsulrs.    The  generative  buds  of  the  Sertularida. 
Otart  (Ovarium).    The  organ  by  which  ova  are  produced. 
Oviparous  (Lat.  ovunif  an  egg ;  and  ^r»o.  I  bring  forth).    Applied  to  animals 

which  bring  forth  eggs,  in  contradistinction  to  those  which  bring  forth  their 

young  alive. 
Ovipositor  (Lat.  ovum;  and  pono,  I  place).    The  organ  possessed  by  some  in- 
sects, by  means  of  which  the  eggs  are  placed  in  a  position  suitable  for  their 

development 
Ovisac.    The  external  bag  or  sac  in  which  certain  of  the  Invertebrates  carry 

their  eggs  after  they  are  extruded  from  the  body. 
OvoviviPAUOus  (Lat.  (nmm,  egg;  virus,  alive;  jhirio,  I  pro<luce).     Applietlto 

animals  which  retain  their  eggs  within  the  bo<ly  until  they  are  hatche<t 
Ovum  (Lat.  an  egg).     The  germ  produce*!  within  the  ovary,  and  capable  undtr 

certain  conditions  of  being  developed  into  a  new  individual. 

Pachydkrmata  (Gr.  pachus^  thick  ;  derma,  skin).  An  old  Mammalian  onler 
constitiited  by  Cuvier  for  the  reception  of  the  Rhinoceros,  Hipiwjiotanius 
Elei)hant,  kc. 

Pal.eontoloot  (Gr.  palaios,  ancient ;  onta,  beings ;  and  l^os,  discourse).  Tli«r 
science  of  fossil  remains  or  of  extinct  organised  beings. 

Paleozoic  (Gr.  palaios,  ancient ;  and  zoe,  life).  Applied  to  the  oldest  of  the 
great  geological  epochs. 

Palliobuanchiata  (Lat.  pallium,  a  cloak ;  and  Gr.  brcufchia,  gill).  An  old 
name  for  the  Jhachiopmia,  founded  upon  the  belief  that  the  system  of  tulic> 
in  the  niantle  constituted  the  gills. 

Pallium  (Lat.  a  cloak).  The  niantle  of  the  Molluscn.  Pallial;  relating  t'^ 
the  inuutle.  Pallial  line  or  impression;  the  line  left  in  the  dead  >l»"il 
by  the  muscular  margin  of  the  mantle.  PiUlioI  shell ;  a  shell  which  i' 
secretejl  by,  or  contained  within,  the  mantle,  such  as  the  **l>one"  of  th«r 
Cuttle-fishes. 

Palpi  (Lat.  palpo,  I  touch).  Processes  supposed  to  be  organs  of  touch,  de- 
veloped from  certain  of  the  oral  appendages  in  Insects,  Spiders,  and  Cni>- 
tacea,  .in<l  from  the  sides  of  the  mouth  in  the  Acephalous  Molluscs. 

Panspekmy  (Gr.  mn,  all ;  sperma,  seed).  Tlie  theorj-  that  living  beings  arf 
never  produced  except  from  pre-existent  living  beings. 

Papiixa  (Lat.  for  nipple).     A  minute  soft  prominence. 

Parapodia  (Gr.  para,  beside  ;  p<xles,  feet).  The  unartiailat^d  lateral  locom-^- 
tive  processes  or  "  foot-tul)ercles  "  of  many  of  the  Annelidcu 

Parietal  (Lat.  paries,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of  tin- 
body. 

Pauiktosplanchxic  (Lat.  paries  ;  Gr.  splarjchna,  viscera).  Applied  to  oiif 
of  the  nervous  ganglia  of  the  MoUusca,  wluch  supplies  the  walls  of  the  botiy 
and  the  viscera. 
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Parthenogenesis  (Lat.  parthenoSf  a  vii^n ;  and  ffignnmai,  to  be  boru). 
Strictly  8i>eaking,  coiifiueil  to  the  production  of  new  individuals  from  virgin 
females  by  means  of  ova  without  the  intervention  of  a  male.  Sometimes 
used  alw)  to  designate  asexual  reproduction  by  gemmation  or  fission. 

Pata(;ium  (Lat.  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in- 
tegument by  which  Bats,  Flying  Squirrels,  and  other  animals  support 
themselves  in  the  air. 

PATELL.V.  Tlie  knee-cap  or  knee-pan.  A  sesamoid  Iwne  developed  in  the 
tendon  of  insertion  of  the  great  extensor  muscles  of  the  thigh. 

PArRoi'ODA  (Or.  pauriMf  little  ;  podes,  feet).    An  order  of  Myriapoda. 

Pectinate  (Lat.  pecten^  a  comb).  Coml>-like ;  applieil  to  the  gills  of  certain 
Gcutempxh^  hence  calleil  Pedinxbranchiata. 

Pectoral  (Lat.  pectus,  chest).     Connected  with,  or  placed  upon,  the  chest. 

Perennibraxchiata  (Lat.  perennis,  perpetual ;  Or.  hraffchia,  gill).  Applied 
to  thotie  AinphU)ia  in  which  the  gills  are  penuanently  retained  througnout 

•  life. 

Pedal  (Lat.  pes,  the  foot).     Connected  with  the  foot  of  the  Mollu^ca. 

pKDirKLLuVRi.is  (Lat.  pedictllus,  a  louse).  Certain  singular  appendages  found 
in  many  KchituHleriMy  attache<l  to  the  surface  of  the  body,  and  resembling 
a  little  l)eak  or  forceps  supported  on  a  stalk. 

Pedicle  (Lat.  dim.  of  pes,  the  foot).    A  little  stem. 

Pedipali'I  (Lat.  jc;««,  foot;  9in^  palpn^  I  feel).  An  order  of  Arachnida  com- 
prising the  Scorpions,  &c. 

Peduncle  (Lat.  pedunculus,  a  stem  or  stalk).  In  a  restricted  sense  applied 
to  the  muscular  process  by  which  certain  Brachiopods  are  attached,  and  to 
the  stem  which  bears  the  body  (capitulum)  in  Barnacles. 

Pedunculate.    Possessing  a  peduncle. 

Pklaoic  (Gr.  i)elagos,  sea).     Inhabiting  the  open  ocean. 

Pelecyk«)Da  (Gr.  peUkus,  an  axe ;  podes,  feet).  A  name  often  applied  to  the 
Lamelf il/ranchiaia,  on  account  of  many  of  them  having  a  hatchet-shaped 
or  sickle-shaped  foot. 

Pelvis  (Lat.  for  basin).  Applied,  from  analogy,  to  the  basal  portion  of  the 
cup  {c4tlyx)  of  CrinoUU.  The  >>ony  arch  with  which  the  hind-lin)bs  are  con- 
nected in  Vertebrates. 

Pergamentaceous  {laX. pergamena,  i>archment).  Of  the  texture  of  parchment. 

Pericardium  (Gr.  peri,  around ;  kardia,  heart).  The  serous  membrane  in 
which  the  heart  is  contained. 

Periderm  (Gr.  peri,  around ;  and  derma,  skin).  The  hard  cuticular  layer 
which  is  developed  by  the  coenosarc  of  certain  of  the  Hydroztm. 

Perkjahtric  (Gr.  peri,  around ;  and  gaster,  stomach).  The  i>erigastric  space 
is  the  cavity  which  surrounds  the  stomach  and  other  viscera,  corresponding 
to  the  alxlominal  cavity  of  the  higher  animals. 

Periostracum  (Gr.  jteri ;  and  osirakony  shell).  The  layer  of  epidermis  which 
covers  the  shell  in  most  of  the  Mollusca. 

Peripi^\st  (Gr.  veri;  and  plasso,  I  mould).  The  intercellular  substance  or 
matrix  in  whicli  the  oi^anised  structures  of  a  tissue  are  eml>edded- 

Perisarc  (Gr.  peri,  around ;  sarx,  flesh).  Employed  by  Prof.  Allman  as  a 
general  term  for  the  chitinous  envelope  secreted  by  many  of  the  llydrozoa. 

Perisome  (Gr. /wri/  and  siyina,  body).  The  coriaceous  or  calcareous  integu- 
ment of  the  kchinodermata. 

PerissodactyLwV  (Gr.  perissot,  uneven ;  daktvlos,  finger).  Applied  to  those 
Hoofed  Quadrupeds  {Cngulnta)  in  which  the  feet  have  an  uneven  number 
of  toes. 

pERi8Ti>ME  (Gr.  jieri;  and  stoma,  mouth).  The  space  which  intervenes  be- 
tween the  mouth  and  the  margin  of  the  calyx  in  Vorticelln  ;  also  the  space 
between  the  mouth  and  the  tentacles  in  a  sea-anemone  {Actinia) ;  also  the 
lip  or  margin  of  the  mouth  of  a  univalve  shell. 

Perivisceral  (Gr./>ert/  and  Lat.  viscera,  the  internal  organs).  Applied  to 
the  space  surrounding  the  viscera. 

Petaloid.     Shaped  like  the  petals  of  a  flower. 

Phai-anoes  (Gr.  phalanx,  a  row).  The  small  bones  composing  the  digits  of  the 
higher  Vertebrata.    Normally  each  digit  has  three  phalanges. 
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Pharyngobranchii  (Gr.  pharuffx,  pharynx ;  hragchia,  gill).     The  order  of 

Fuihen  conn>risiiig  only  the  Lancelet. 
Pharynx.    The  dilated  coiumencement  of  the  eullet 
PURAGMACONK  (Gr.  phrogmay  a  partition ;  and  Konot,  a  cone).    The  chamhered 

portion  of  the  internal  sheU  of  a  BdeMiiite. 
PHYLACTOLiEMATA  (Gr.  ph\tl<i880, 1  guard ;  and  laimos,  throat).    The  diririon 

of  Polyzoa  in  which  the  mouth  is  provided  with  the  arched  valvular  process 

known  as  the  **ei)istoiue." 
Phyllocysts  (Gr.  phvlhn^  leaf;  and  kustis^  a  cyst).    The  cavities  in  the  in> 

terior  of  the  **  hyilrophyllia  "  of  certain  of  the  Oceanic  Hjfdroxoa, 
PUYLLOPODA  (Gr.  phullon,  leaf;  and  poiM,  foot).    An  order  of  VrmlacM, 
PiiYOGEMMAKiA  (Gr.  )>^uo,  I  produce ;  and  Lat.  gemma,  bud).    The  small 

gonoblastidia  of  Velella,  one  of  the  Physopkaridop. 
Physograda  (Gr.  phtisa,  bellows  or  air-bladder ;  and  Lat.  gradior,  I  walk). 

Applied  formerly  to  the  PhyaophorUias,  an  order  of  Oceanic  HydnKoOf  in 

wnich  a  "  Hoat"  is  present. 
PiiYSoPHORiDiK  (Gr.  phnsa,  air-bladder ;  and  pKero,  I  carry).    An  order  of 

Oceanic  Hydnmoa. 
Phytoid  (Gr.  phiUan^  a  plant ;  and  eidos,  form).    Plant-like. 
PHYTorHAOous  (Gr.  phtUon,  a  plant;  axui  phugo,  I  eat).    Plant -eating,  or 

herbivorous. 
PiNNATK  (Lat.  pinna,  a  feather).     Feather -shaped,  or  possessing  lateral 

processes. 
PiNNiGRADA  {Lat.  pi nn/i,  a  feather  ;  gradi^tr,  I  walk).    The  group  of  Cani- 

vora^  conipnsing  the  Seals  and  Walruses,  adapted  for  an  aquatic  life.    Oft<:n 

called  ]*innip*'dia. 
PiNXUL.P.  (Lat.  dim.  o\ pinna).    The  lateral  processes  of  the  arms  of  Crin'.id*. 
Pisces  (Lat.  piscis,  a  lish).     The  class  of  Vertebmtes  coniprisinj;  the  Fishe>. 
Placenta  (Lat.  a  cake).    The  "after-birth,"  or  the  or^in  by  which  a  vascu- 
lar connection  is  established  in  the  higher  Maintnaliii  l»etweeu  the  mothtr 

and  the  fcetus. 
Placental.     Possessing  a  ])lacenta,  or  connected  with  the  T»lacenta, 
Placoid  (Gr.  piau-,  a  plate ;  e/rf<Mf,  form).    Ai)plied   to  Uie  irregular  H<.ny 

plates,  grains,  or  8]»ines  which  are  found  in   the  skin  of  various  ft>bfS 

( Elasmnlrranchii). 
Plagiostomi  (Gr.  plagios^  transverse  ;  Homa,  mouth).     The  Sharks  and  Rays, 

in  which  the  mouth  is  transverbe,  and  is  i)laced  on  the  under  surface  of  the 

head. 
Planauida  (Gr.  jiian^y  wandering).     A  sub-order  of  the  TttrMhrin. 
Plantigrade  (Lat.  phnta,  the  sole  of  the  foot ;  gnufior,  I  walk).     Applyin;: 

the  sole  of  the  foot  to  the  p-ound  in  walking. 
PLANur.A  (Lat.  planus,  flat).     The  oval  ciliated  embrj'O  of  certiin  of  the 

Invertebrates. 
Plastron.    The  lower  or  ventral  portion  of  the  bony  case  of  the  Clielonian*. 
Platyel-MIA  (Gr.  phitus,  broad ;    and  helmins,  an   intestinal  worm).     Tiie 

division  of  Smiccidu  comprising  the  Tape-worms,  &c- 
Platyrhina  (Gr.  plains,  broad  ;  rhincs,  nostrils).     The  group  of  the  Quad- 

ruinaufi. 
Pleura  (Gr.  the  side).    The  serous  membrane  covering  the  lung  in  the  air- 

breathinir  Vertebrates. 
Pleurun  (Gr.  plenron^  a  rib).   The  lateral  extensions  of  the  shell  of  Cnistoc^. 
Pluteus  (Ijat.  a  i)cnt-housej.     The  larval  form  of  the  Edrnwidea, 
Pneumatic  (Gr.  piu-uma,  air).     Filled  with  air. 
Pneumatocyst  (Gr.  pncnvw.,  air;  and  kuMis,  cyst).    Tlie  air-sac  or  float  cf 

certain  of  the  Oceanic  Jlifdrozoit  {Physophitrida:). 
Pneumatophore   (Gr.  pncuina,   air ;   and  phrro,   I   carry).     Tlie  proximal 

dilatation  of  the  cceuosarc  in  the  Physopkoridit  which  surrounds  the  j»nej- 

matocyst. 
Pneumoskeleton  (Gr.  pneuma;  and  tkeJeios,  dry).    Tlie  hard  stmetures  which 

are  connected  with  the  breathing  oigans  (<».</.,  the  shell  of  Molluscs). 
Podophthalmata  (Gr.  poH.%  foot ;  and  ojtJilhdlmM^  eye).     The  division  of 

Crustacea  in  which  the  eyes  are  borne  at  the  end  of  long  foot-stalks. 
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PoDOSONfATA  (Gr.  /w?w,  foot ;  somay  body).  An  order  of  Arachnids. 
PoEPHAGA  {Qr.poiy  grass,  pf^Oy  I  eat).  A  group  of  the  Marsupials. 
PoLLKX  (Lat.  the  thumb),    "nie  innermost  of  the  live  normal  digits  of  the 

anterior  liml)  of  the  higher  Vertebrates.    In  man,  the  thumb. 
Por.YCH^KTA  (Gr.  mtlus,  many;  chaite,  bristle).     A  name  often  applied  to  the 

Tubicolar  and  Errant  Annelides  to  distinguish  them  collectively  from  the 

()luji»chata  (Earthworms,  &c.). 
PoLYCYSTiNA  (Gr.  polu^y  mauv ;  and  kustis,  a  cyst).    An  order  of  Protoza, 

with  foraniiuated  siliceous  shells. 
Poi.YGASTRiCA  (Gr.  polii^ ;  and   gaUer^   stomach).      The  name  applied  by 

Ehrenberg  to  the  Jn/umria^  under  the  belief  that  they  potJses>ed  many 

stomachs. 
PoLYPARY.     The  hard  chitinous  covering  secreted  by  many  of  the  Ht/drozoa. 
Polype  (Gr.  pubis,  niany  ;  /w/w,  foot).     Ke8tricte«l  to  the  single  individual  of 

a  simple  Actinozoi'mj  such  .as  a  Sea-anemone,  or  to  the  separate  zoiiids  of  a 

compound  ActiTH}zoon.     Often  applied  indiscriminately  to  any  of  the  CceUn- 

teratm  or  even  to  the  Polyztxi, 
PoLYPiDE.     Tlie  separate  zooid  of  a  Polyzndn. 

PoLYPiDOM.     The  dermal  system  of  a  colony  of  a  Hydroxoihi  or  Polj/zoon. 
PoLYPiTE.    The  separate  zoiiid  of  a  llydrozofhi. 
PoLYSTOME  (Gr.  />o^««,  many  ;  and  stoma^  mouth).    Having  many  mouths ; 

applied  to  the  Acinetcc  amongst  the  Protozoa. 
PoLYTHALAMOcs  (Gr.  poUts  ;  &m\  tholam/ts,  chamber).    Having  many  cham- 

bern  ;  api)lied  to  the  shells  of  Ftyraminifera  and  CepJudopoda, 
P()L\TROCHAL  (Gr.  polu^,  many ;  trochos^  wheel).     An  epithet  applied  to  those 

larvaj  of  Annelides  and  other  Invertebrates,  in  which  there  are  successively- 
disposed  circlets  of  cilia. 
PoLYZOA  (Gr.  polus;  and  zoiin^  animal).    A  division  of  the  Molbtscoida,  com- 
prising compound  atiimals,  such  as  the  Sea-mat.   Sometimes  called  Bri/ozoa. 
PoLYZOARiUM.    The  dermal  system  of  the  colony  of  a  Polyzo&n  (=  Polypi- 

dom). 
PoRCELLANOus.    Of  the  texture  of  porcelain. 

PoRiPERA  (Lat.  porus,  a  pore  ;  and  /ero,  I  carry).     Sometimes  used  to  desig- 
nate the  Foraviiniferay  or  the  Sponges. 
Post- ABDOMEN.  'That  portion  of  the  **  abdomen  "of  Cnutojcm,  Araehnida, 

and  Myrutpoda  which  lies  Ixihind  the  segments  corresponding  with  the 

aVtdomen  of  Insects. 
Post-anal.    Situated  behind  the  anus. 
PosT-<ESOPHAGEAL.    Situated  behind  the  gullet. 
Post-oral.    Situated  behind  the  mouth. 
PRiE-MAXiLL^.     (.Sp«  Intermaxillte. ) 
Prj1?molar8  (Lat.  prte,  befoie ;  iruflare^^,  the  grinders).    The  molar  teeth  of 

Mammals  which  succeed  the  molars  of  the  milk-set  of  teeth.    In  man,  the 

bicuspid  teeth. 
Pr;e-(Esophageal.     Situated  in  front  of  the  gullet. 
Pr^.-8TERNUM.    Tlie  anterior  portion  of  the  breast-bone,  corresponding  with 

the  vmnidfrium  stcmi  of  himian  anatomy,  and  extending  as  far  as  the  point 

of  articulation  of  the  second  rib. 
Prf:88IR08TREs  (Lat.  pressus,  compressed ;  rostrum,  beak).     A  group  of  the 

Grallatorial  Birds. 
Proboscidea  (Lat.  pi^ohoscis,  the  snout).    The  order  of  Mammals  comprising 

the  Elephants. 
Proboscis  (Lat.  or  Gr.  the  snout).    Applied  to  the  sj)iral  trunk  of  Lepidop- 

terous  Insects,  to  the  projecting  mouth  of  certain  Crinoids,  and  to  the  cen- 
tral polypite  in  the  Med^isce. 
Proc<elou8  (Gr.  proy  before  ;  koilos,  hollow).     Applied  to  vertebrae,  the  bodies 

of  which  are  hollow  or  concave  in  front. 
Proglottis  (Gr.  for  the  tip  of  the  tongue).    The  generative  segment  or  joint 

of  a  Tape- worm. 
PRO-LEOS.    The  false  abdominal  feet  of  Caterpillars. 
Pronation  (Lat.  pronus,  lying  on  the  face,  prone).    The  act  of  turning  the 

palm  of  the  hand  downwarrls. 
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Propodium  (Gr.  pro,  before ;  pous,  foot).    The  anterior  part  of  the  foot  in 

Molluscs. 
Proscolex  (Gr.  pro,  before ;  seoUx,  worm).    The  first  embryonic  stage  of  t 

Tape- worm. 
Prosobranchiata  {Gr.proson,  in  advance  of;  bragchia,  a  ^11).    A  division 

of  Gasteropodous  Molluscs  in  which  the  gills  are  situated  in  advance  of  tlw 

heart. 
Prosoma  (Gr.  pro,  l>efore ;  soma^  body).    The  anterior  part  of  the  body. 
Protuorax  (Gr.  pro;  and  thorax^  chest).    The  anterior  ring  of  the  thorax  of 

iosects. 
Protophyta  (Gr.  protoa,  first;  and /i^u^oa,  plant).    The  lowest  diviiiionof 

plants. 
pROTOPLiVSM  (Gr.  proios;  andplasso^  I  mould).    The  elementarv  basis  of  o^ 

gauised  tissues.     Used  synonymously  with  the  *'  sarcode"  of  tne  Frottnoa. 
Protopooitk  (Gr.  protos,  first ;  and  pout,  foot).    The  basal  segment  of  the 

typical  limb  of  a  Crustacean. 
Protozoa  (Gr.  protos;  and  zoony  animal).    The  lowest  division  of  the  animal 

kingdom. 
Provkxtriculus  (Lat  pro,  in  front  of;  veniriculm,  dim.  of  vaUeTf  belly). 

The  cardiac  portion  of  the  stomach  of  birds. 
Proximal  (Lat.  proximus,  next).    The  slowly -growing,  comparatively-fixed 

extremity  of  a  limb  or  of  an  organism. 
PsALTERiUM  ( Lat.  a  stringed  instrument).    The  third  stomach  of  Rnminints. 

{See  Onmsum.) 
PdKUDKMBRTO  (Gr.  pseudos,  falsity ;  embrucfif  embryo).    The  lar%*al  form  of 

an  KchhvHlerm. 
PsKruoBKAXCHiA  (Gr.  pseiu/os,  falsity;    brngchia,  gill).      A  supplementary 

gill  found  in  certain  fishes,  which  receives  arterialisetl  bloo«l  only,  and  dot:i 

not,  therefore,  assist  in  respiration. 
PsEL'DoHJEMAL  (Gr.  pseitdos,  falsity  ;  and  haiimij  bloo<l).     Ajjplied  to  the  vas- 
cular system  of  Annelida. 
PsKL'DO  -  HKAUTS.      Certain    contractile   cavities  connected  with    the   atrial 

system  of  BrarJtiopoda,  and  long  considered  to  Ik^  hearts. 
PsKiJDo-XAVioKLLi*:  (Gr.  paiciidos,  false ;  and  Xariada,  a  genus  of  Diatom*). 

The  embryonic  forms  of  the  (wreffarinuia:,  so  called  from  their  resemHaLct 

in  shape  to  the  Navicula. 
PsEUiK)PODiA  (Gr.  pseudos ;  and  »>?«,  foot).      Tlie  extensions  of  the  l»ody- 

substance  which  are  put  forth  by  the  Jihizo^joda  at  will,  and  which  i*r»'(* 

lor  locomotion  and  prehension. 
PsKUDOVA  (Gr.  psnudns ;  Lat.  orwwi,  egg).     The  egg-like  bodies  from  which 

the  young  of  the  viviparous  AphU  are  produced. 
Pteu{)IX)Da  (Gr.  pteron,  wing  ;  and  pons,  foot).    A  class  of  the  MUlusca  whKb 

swim  V»y  means  of  fins  attached  near  the  head. 
Pteuosaukia  (Gr.  pfrnm,  wing  ;  saura,  lizanl).     An  extinct  onler  of  reptiK'*. 
Pubis  (Lat.  jmh^s,  hair).    The  share-bone  ;  one  of  the  bones  which  enter  iiit:> 

the  comi>osition  of  the  pelvic  arch  of  Vertebrates. 
PULMoriASTEHOPODA  ( =  Pulmouifera). 
PuLMOXAKiA.     A  division  of  Arachnitla  which  breathe  by  means  of  pulmonary 

sacs. 

PUL.MMNATE.     PoSSOSsiug  luUgS. 

PULMONIKKRA  {VaX.  }ndmo,  a  lung;  and /fro,  I  carr>').  The  division  of  J^'- 
hiifoi  which  breathe  by  means  of  a  ^mlmouarj-  chamlwr. 

Pl'pa  (Lat.  a  doll).  The  stage  of  an  insect  immediately  prece<ling  its  apivar- 
anj'e  in  a  perfect  condition.  In  the  pupa-stage  it  is  usually  quiescent  -wl««Q 
it  is  often  called  a  "  chrysalis  ; "  but  it  is  sometimes  active — when  it  is  often 
called  a  "nymph." 

PvLonrs  (Gr.'  pulims,  a  gatekeeper).  The  valvular  aj>erture  btrtween  ti^e 
stomach  and  the  intestine. 

PvRiFoitM  ( Lat.  pi/rus,  a  pear ;  and  fitrma,  form).     Pear-shaped. 

QrADRu.MANA  (liat.  qimburr,  four;  manuSy  han<l).  The  order  of  Mamaal* 
comprising  the  Ai>es,  Monkeys,  Baboons,  Lemnrs,  kc 
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RadiaTa  (Lat.  radius^  a  ray).  Fonnerly  applied  to  a  large  number  of  animals 
which  are  now  placed  in  separate  sub- kingdoms  (f.*/.,  the  Coclenierata,  the 
Echinodermata^  the  Infusoria^  &c.). 

Radiolaria  (Lat.  radiusy  a  ray)-     A  division  of  Protozita. 

R.vDius  (Lat.  a  spoke  or  ray).  The  innermost  of  the  two  bones  of  the  fore- 
ann  of  the  higher  Vertebrates.  It  carries  the  thumb,  when  present,  and 
correspomls  with  the  tibia  of  the  hind-limb. 

Radi'La  (Lat.  nidultty  a  scraping-iron).  An  emthet  often  given  to  the  toothed 
lingual  ribbon  or  "odontophore"  of  the  higner  MoUusca. 

Ramus  (Lat.  a  branch).  Applied  to  each  half  or  branch  of  the  lower  jaw  or 
maiitiible  of  Vertebrates. 

Raptores  (Lut.  ravco,  I  plunder).     The  onler  of  the  Binls  of  Prey. 

Rasores  (Lat.  nuio^  I  scratch).  The  order  of  the  Scratching  Birds  (Fowls, 
Pigeons,  &c.). 

Ratitj:  (Lat.  nUes^  a  raft).  Applied  by  Huxley  to  the  Cursorial  Birds, 
which  do  not  fly,  and  have  therefore  a  raft-like  sternum  without  any  median 
keel. 

Rectum  (Lat.  rectits,  straight).  The  terminal  portion  of  the  intestinal  canal, 
opening  at  the  suiface  of  the  b(xW  at  the  anus. 

Reptilia  (Lat.  repto,  I  crawl).  The  class  of  the  Vertebrata  comprising  the 
Tortoises,  Snakes,  Lizards,  Crocodiles,  &c. 

Reticulosa  (Lat.  reticiUum,  a  net).  Employed  by  Dr  Carpenter  to  designate 
those  Protozoa,  such  as  the  Foramin\feray  in  which  the  pseudopodia  run 
into  one  another  and  form  a  network. 

Reticulum  (Lat.  a  net).  The  second  division  of  the  complex  stomach  of 
Ruminants,  often  called  the  **  honeycomb-bag." 

REVEFtSED.  Applied  to  spiral  univalves,  in  which  the  direction  of  the  spiral 
is  the  reverse  of  the  normal— i.«.,  sinistral. 

Rhabdophora  (Gr.  rh^ibdfts,  a  rod  ;  and  phero,  I  carry).  Employed  by  Prof. 
Allman  as  a  name  for  the  Graptolites,  in  consequence  of  their  commonly 
possessing  a  chitinous  rod  or  axis  supporting  the  perisarc. 

Rhizophaoa  (Gr.  rhiza,  root ;  pha^o,  I  eat).     A  group  of  the  Marsupials. 

Rhizopoda  (Gr.  rhiza,  a  root ;  and  «w«,  foot).  The  division  of  Protozoa  com- 
prising all  those  which  are  capable  of  emitting  pseudopodia. 

Rhopalocera  (Gr.  rhopaton^  club;  keraa,  horn).  A  name  given  to  the  But- 
terflies among  the  Lepidoptera  in  allusion  to  the  fact  that  the  antennse  are 
clublied  at  the  end. 

Rhynciiolites  (Gr.  rhunrh(tSf  beak  ;  and  litkoSf  stone).  Beak-shaped  fossils, 
consisting  of  the  mandibles  of  Cephalopoda. 

Rodentia  (r>at.  rodoy  I  gnaw).  An  order  of  the  Mammals  ;  often  called  Glirea 
(Lat.  glis,  a  dormouse). 

Rostrum  (Lat.  rojUrum,  beak).  The  *'beak"  or  suctorial  organ  formed  by 
the  appendages  of  the  mouth  in  certain  insects. 

Rotatoria  (  =  Rotifera). 

Rotifera  (Lat.  rota,  wheel ;  and  ferOf  I  carry).  A  class  of  the  Scoltcida 
(Annxdoidn)  characterised  by  a  ciliated  "trochal  disc." 

RuooSA  (Lat  rugoius,  wrinkled).     An  onler  of  Corals. 

Rumen  (Lat.  the  throat).  The  first  cavity  of  the  complex  stomach  of  Rumi- 
nants ;  often  called  tne  '*  paunch." 

Ruminantia  (Lat.  ruminor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru- 
peds {(Jnijulata)  which  "  ruminate  "  or  chew  the  cud. 

Sacrum.  The  vertebne  (usually  anchylosed)  which  unite  with  the  haunch- 
bones'(i*/iVi)  to  form  the  pelvis. 

Sand-canal  (= Stone-canal).  The  tul)e  by  which  water  is  conveyed  from 
the  exterior  to  the  ambulacral  system  of  the  Echinodennata. 

Barcode  (Gr.  sarx,  flesh ;  eidog,  form).  The  jelly-like  substance  of  which 
the  l)odies  of  the  Protozoa  are  composed.  It  is  an  albuminous  body  con- 
taining oil -granules,  and  is  identical  with  protoplasm. 

Sarcoids  (Gr.  sarx;  and  eidoSf  form).  The  separate  amoebiform  particles 
which  in  the  aggregate  make  up  the  **  flesh  **  of  a  Sponge. 

Sauria  (Gr.  taura,  a  lixard).    Any  lizard-like  Reptile  is  often  spoken  of  as  a 
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"  Saurino  ;  **  but  the  term  is  sometimes  restricted  to  the  Crocodiles  alone, 

or  to  the  Crocodiles  and  Lacertiliaus. 
Sal'uobatkachia  (Gr.  aaura;  batrachos^  frog).      Sometimes  applied  to  the 

order  of  the  tailed  Amphibians  ( Urodela). 
Saukopsida  (Gr.  taura  ;  and  amiSt  appearance).    The  name  giren  by  Hnxler 

to  the  two  classes  of  the  Birds  and  Reptiles  collectively. 
Sauroptertoia  (Gr.  saura  ;   vterux,  wing).    An  esctinct  order  of  Reptiles. 

called  by  Huxley  PUsiosauruiy  from  the  typical  genus  PUsiosaunu, 
SAURURiE*(Gr.  saura;  ouray  tail).    The  extinct  order  of  Birds  comprising 

only  the  A  rchceopteryx. 
ScANSORES  (Lat.  sctindOj  I  climb).    The  order  of  the  Climbing  Birds  (Psnot*, 

Woodpeckers,  &c  ). 
ScAPHOUNATHiTE  (Gr.  skapho*,  boat ;  and  gnathot,  jaw).    The  boat-shaped 

api>endage  (epipodite)  of  the  second  pair  of  niaxiilse  in  the  Lobster,  the 

function  of  which  is  to  spoon  out  the  water  from  the  branchial  chamber. 
ScAPi'LA  (Ijat.  for  shoulder-blade).    The  shoulder-blade  of  the  pectoral  arrhof 

Vertebrates ;  in  a  re8tricte<l  sense,  the  row  of  plates  in  the  cun  of  Crinoidg^ 

which  give  origin  to  the  anns,  and  are  usually  called  the  '*  axillary  radials.** 
ScLERENCHYMA  (Gr.  skleros,  hard:   and  enchuma,  tissue).    The  calcareous 

tissue  of  which  a  coral  is  composed. 
ScLERiTES  (Gr.  Bkln-os),    The  calcareous  spicules  which  are  scattered  in  the 

soft  tissues  of  certain  Actinasoa, 
ScLKROBAHic  (Gr.  skUn^,  hard ;  basis,  pedestal).    Applied  to  the  coral  which 

is  ^iroducetl  by  the  co^uosarc  in  certain  Actinozoa  {eg..  Red  Cond).  and 

which  forms  a  solid  axis  which  is  invested  by  the  soft  paots  of  the  animal 

It  is  called  "  foot-secretion  "  by  Mr  Dana. 
ScLERODKKxnc  (Gr.  ftUero^'i ;  and  dernia,  skin).     Applied  to  the  corallum  whicli 

is  deposited  l)etween  the  tissues  of  certain  Actinozoay  and  is  calleil  "tisane- 
secretion  "  by  Mr  Dana. 
Sclerotic  (Gr.  skUros,  hard).    Tlie  outer  dense  fibn.>us  coat  of  the  eye. 
ScoLKciDA  (Gr.  skolex,  worm).     A  division  of  the  Annnloida. 
ScoLEX  (Gr.  Ah^lPy).     The  embryonic  stage  of  a  Tape-worm,  fonnerly  knovm 

as  a  "  Cy.stic  worm." 
Scuta  (Lat.  sr.utum^  a  shield).    Applied  to  any  shield-like  plates ;  esj^eviaily 

to  those  which  are  develoi^ed  in  the  integument  of  many  Reptiles. 
Sel\chia  or  Selachii  (Gr.  sei^trhos,  a  cartilaginous  tish,  prol>ably  a  shark). 

The  sub-orvler  of  Elannmhranrhii,  comprising  the  Sharks  and  Dog-fishf>. 
Sepiostaire.    The  internal  shell   of  the  Sepia,  commonly  known  a-s  thf 

"  cuttle-bone." 
Skita.    Partitions. 

Serpkxtiform.     KesembKng  a  serpent  in  shape. 
Skrtularida  (Lat.  sertum,  a  wreath).     An  order  of  Ift/drozoa. 
Sessile  (Lat.  scdit,  I  sit).     Not  supported  upon  a  stalk  or  petluncle  ;  attnliri 

by  a  base. 
Set^  (Lat.  bristles).     Bristles,  or  long  stiff  hairs. 
SKTiFKRora.     Supporting  i)ristles. 
Slthierous  (  =  Setiferous). 
Sktose.     Bristly. 

SiLiCKors  (Lat.  sUe.c,  flint).     Composed  of  flint. 
Sinistral  (Lat.  sini.'ifni,  the  left  hand).    Left-handed ;  applied  to  theilirer- 

tion  of  the  spiral  in  certain  shells,  wliich  are  said  to  be  **  reversed." 
SiN'i'.s  (Lat.  sinus,  a  bay).     A  dilated  vein  or  blood-reoeptacle. 
Siphon*  (Gr.  siphon,  a  tube).    Applied  to  the  respiratory  tubes  in  the  J/'-'- 

lusca  ;  also  to  other  tubes  of  different  functions. 
SiPHONOPHORA  (Gr.  siphon  ;  and  phrro,  I  carry).    A  division  of  the  ffifdri':'"!. 

comprising  the  Oceanic  forms  {Calycnj)htyridtF  and  PhifSftphorido). 
SiPii()NOSTr)MATA  (Gr.  siphon  ;  and  stnnm,  mouth).     The  division  of  (/ax/****.-]"- 

dous  Molhutcs,  in  wliich  the  aperture  of  the  shell  is  not  **  entire,"  W 

j»ossosses  a  notch  or  tul»e  for  the  emission  of  the  respiratory  siphon. 
SiPHi'NCLK  (Lat.  siphunculus,  a  little  tul>e).   The  tube  which  connects  together 

the  various  chambers  of  the  shell  of  certain  Cephalopoda  (e^,,  the  F»*arly 

Naut\\usOj. 
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SiPUNCULOTDEA  (  Lat.  HpkunculnSf  a  little  siphon).  A  class  of  Anarthropoda 
(Annulosa). 

SiRENiA  (Gr.  seiren^  a  mermaid).  The  order  of  Mamnudia  comprisiug  the 
Dagongs  and  Manatees. 

SouDUNGULA  (Lat.  solulWy  solid;  ungnla^  a  hoof).  The  group  of  Hoofetl 
Quadrupeds  comprising  the  Horse,  Ass,  aud  Zebra,  in  which  each  foot,  in 
the  living  forms,  has  only  a  single  solid  hoof.     Often  called  Solipedut. 

Somatic  (Gr.  soina,  body).    Connected  with  the  body. 

SoMATOCYST  (Gr.  sojfia  ;  and  kiutiSy  a  cyst).  A  peculiar  cavity  in  the  coenosarc 
of  the  Cali/cophoHdce  (Hydrozoa). 

Somite  (Gr.  soitia).    A  single  segment  in  the  body  of  an  Articulate  animal. 

Spermarium.    The  organ  in  which  spermatozoa  are  produced. 

Spermatophores  (Gr.  apermu,  seed  ;  pheroy  1  carry).  The  cylindrical  capsules 
of  the  Cephalopodat  which  carry  the  spermatozoa ;  sometimes  called  the 
**  moving  filaments  of  Needham." 

Spermatozoa  (Gr.  apenna^  seed ;  and  znOn,  animal).  The  microscopic  fila- 
ments which  form  the  essential  generative  element  of  the  male. 

Sph.eridia  (Gr.  sphairidwiiy  a  little  ball  or  sphere).  Minute  stalked  appen- 
dages with  button-shaped  heads  carried  by  most  living  Sea-urchins,  and 
supposed  to  be  organs  of  sense. 

Spicula  (Lat.  spiculam,  a  point).    Pointed  needle-shaped  bodies. 

Spinnerets.  The  organs  by  means  of  which  Spiders  and  Caterpillars  spin 
threads. 

Spiracles  (Lat.  apiro,  I  breathe).  The  >)reathing-pores,  or  apertures  of  the 
breathing- tubes  (trachea)  of  Insects.  Also  the  single  nostril  of  the  Hag- 
fishes,  the  **  blow-hole  "  of  Cetaceans,  &c. 

Splanchnoskeleton  (Gr.  splaqchnft,  viscera  ;  skeletoSy  dry).  The  hard  struc- 
tures occasionally  developed  in  connection  with  the  internal  organs  or 
viscera. 

Sponoe-particles.    {See  Sarcoids.) 

Spongida  (Gr.  tpoggnSy  a  sponge).  The  division  of  Protozoa  commonly  known 
as  sponges. 

Sk)RES  (Gr.  spuray  seed).  Germs,  usually  of  plants ;  in  a  restricted  sense, 
the  reproductive  "  gemmules  "  of  certain  sponges. 

Sporosacs  (Gr.  spora^  seed ;  and  sakkos^  a  bag).  The  simple  generative  buds 
of  certain  Hydrozoa,  in  which  the  medusoid  structure  is  not  developed. 

Sqlmmata  (Lat.  squanM,  a  scale).  The  division  of  reptiles  comprising  the 
Ophidia  and  Lacertilia  in  which  the  integument  develops  homy  scales,  but 
there  are  no  dermal  ossifications. 

StatobLuVSTS  (Gr.  siatos,  stationary  ;  hlastoSy  bud).  Certain  reproductive  buds 
developed  in  the  interior  of  Polyzoa,  but  not  liberated  until  the  death  of  the 
parent  organism. 

Steganophthalmata  (Gr.  steganos,  covered  ;  and  ophthalmos,  the  eye).  Ap- 
plied by  Edward  Forbes  to  certain  Atediisapy  in  which  the  sense-organs 
("  marginal  bodies")  are  protected  by  a  sort  of  hood.  The  Steganophthal- 
Ttiaia  Hre  now  separated  from  the  true  MedusUUSf  and  placed  in  a  separate 
division  under  the  name  Lucernarida. 

Stellerida  (Lat  MellUy  star).  Sometimes  employed  to  designate  the  order  of 
the  Star-fishes. 

Steluform.    Star-shaped. 

Stemmata  (Gr.  stemma,  garland).  The  simple  eyes,  or  "ocelli,"  of  certain 
animals,  such  as  Insects,  Spiders,  and  Crustacea. 

Sternum  (Gr.  stemon).    The  breast-bone. 

Stigmata.     The  breathing-pores  in  Insects  and  A  rachnida. 

Stolon  (Gr.  stolos,  a  sending  forth).  Offshoots. — The  connecting  processes  of 
sarcode  in  Foraminifera  ;  the  connecting  tube  in  the  social  Aiddvans  ;  the 
processes  sent  out  by  the  coenosarc  of  certain  Aciinozoa, 

Stomapoda  (Gr.  stoma,  mouth  ;  poitSj  foot).    An  order  of  Crustacea. 

Stomatode  (Gr.  stoma).  Possessing  a  mouth.  The  Infusoria  are  thus  often 
called  the  Stomatode  Protozoa. 

Strepsifteba  (Gr.  strepho,  I  twist;  pteron,  wing).  An  order  of  Insects  in 
which  the  anterior  wings  are  represented  by  twisted  rudimenta. 

3C 
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Strepstrhina  (Gr.  atrepho,  I  twist ;  rhines,  nostrils).  A  group  ot  the  Qnad- 
runiana,  often  spoken  of  as  Prosimug. 

Strobila  (Gr.  strotnlaSf  a  top,  or  fir-oone).  The  adult  Tape-wonn,  nith  its 
generative  Heginents  or  proglottides ;  also  applied  to  one  of  the  stages  in  the 
life-history  of  the  Lucenutrida. 

Styleform  (Lat.  stylus,  a  pointed  instrument ;  forma,  form).  Pbinted  io 
shape. 

Sub-calcareous.    Somewhat  calcareons. 

Sub-central.    Nearly  central,  bnt  not  quite. 

SuB-PEDUNCULATK,    Supported  upon  a  very  short  stem. 

SUB-SKSSILK.     Nearly  sessile,  or  almost  without  a  stalk. 

Supination  (Lat.  mpinus,  lying  with  the  face  upwards).  The  act  of  tuming 
the  hand  with  the  palm  upwards. 

Suture  (Lat.  suo,  I  sew).  The  line  of  junction  of  two  parts  which  are  im- 
movably connected  together.  Applied  to  the  line  where  the  whorls  oft 
univalve  shell  ioin  one  another;  also  to  the  lines  made  upon  the  exterior  of 
the  shell  of  a  chambered  Ce^uUopod  by  the  margins  of  the  septa. 

SwiMMERFTS.    The  limbs  of  Crustacea,  which  are  adapted  for  swimming. 

Symphysis  (Gr.  snmphusisy  a  growing  together).  Union  of  two  bones  in  which 
there  is  no  motion,  or  but  a  very  limited  amount. 

Synapticul^  (Gr.  sunapto,  I  fasten  tq^ther).  Transverse  props  sometimes 
found  in  Corals,  extcnaing  across  the  loculi  like  the  bars  of  a  grate. 

SYSTOijg  (Gr.  sustello,  I  contract).  Applied  to  the  contraction  of  any  contrac- 
tile cavity,  especially  the  heart. 

Tabulae  (Lat.  tabula,  a  tablet).     Horizontal  plates  or  floors  found  in  some 

Corals,  extending  across  the  cavity  of  the  **  theca,"  from  side  to  side. 
Tactile  (Lat.  tan(^o,  1  touch).     Connected  with  the  sense  of  touch. 
T-EXiAi)A  (Gr.  tainiUf  a  ribbon).      The  division  of  ^ulccido  comprising  thr 

Tape-wonns. 
T-ENioii)  (Gr.  tainia  ;  and  eiJns,  form).     Ribbon-shaped,  like  a  Tai^-worm. 
Tak-su-metata RSI'S.     The  single  lx)ne  in  the  leg  of  Binis  pnxluced  by  the 

union  and  anchylosis  of  the  lower  and  distal  jHjrtion  of  the  tarsus  with  the 

whole  of  the  nictatursus. 
Tarsi's  (Gr.  tarsos,  the  tiat  of  the  foot).    The  small  Iwnes  which  fonu  tLe 

ankle  (or  "  instep  "  of  man),  and  which  correspond  with  the  wrist  {carptif^ 

of  the  anterior  limb. 
Tkctibranchiata  (Lat.  tectus,  covered  ;  and  Gr.  hragckia,  gills).     A  dix-isioa 

of  Opisthobranchiute  O'adempoda  in  which  the  gills  are  protectetl  by  the 

mantle. 
Tegi'mkntary  (Lat.  tegumentynif  a  covering).     Connected  with  the  integument 

or  skin. 
Tklkostei   (Gr.  teleios,  perfect;  osteon,  bone).     The  order  of  the  *'Bony" 

Fishes. 
Telson  (Gr.  a  limit).     The  last  joint  in   the  alnlomen   of  Crustacea :  vari- 
ously rt-giirded  as  a  segment  without  appendages,  or  as  an  azygous  ap- 

peudaire. 
Tenuikostrks  (Lat.  tcmn's,  slender;  ro^^rwm,  beak).     A  group  of  the  Peixb- 

inp  Birds  characterised  by  their  slender  beaks. 
Tekgum  (Lat.  for  back).     The  dorsal  arc  of  the  somite  of  an  Artbropoil. 
TKRHiccfiA  (Lat.  /f  r/Y7,  earth  ;  and  coto,  I  inhabit).     Employed  oct^asioiially  *o 

designate  the  Eurth-wonns  (LumbricUlo ). 
Test  (Lat.  testa,  shell).     The   shell  of  J/ttflttsc^,  which  are  for  this  na."Vii> 

sonietimes  called  *' Ttstacfa  ;  "  also,  the  calcareous  ca.se  of  Echhutit  mv  : 

also,  the  thick  leathery  outer  tunic  in  the  Tunicata. 
Testaceous.     Provided  with  a  shell  or  hanl  covering. 

Testis  (Lat.  tt!stis,  the  testicle).     The  organ  in  the  male  animal  which  pro- 
duces the  generative  fluid  or  semen. 
Tetkabranchiata  ((jr.  tetra,  four ;  In-apchia,  gill).    The  order  of  Cephahi'jda 

characterised  by  the  i>ossession  of  four  gills. 
TnALASsicr)LLn)A'  (Gr.  thalassa,  sea ;  kollo,  glue).     A  division  of  Frotcsoa. 
Theca  (^Ot.  tKcke^  «l  ^\\^«A.UV.    A  sheath  or  receptacle. 
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Thecosomata  (6r.  theke;  and  soiruXy  body).  A  division  of  FteropocUms 
Molluscs,  in  which  the  body  is  protected  by  an  external  shell. 

Theriomoupha  (Gr.  ther,  beast ;  morphe,  shape).  Applied  by  Owen  to  the 
order  of  the  Tail-less  Amphibians  (Anoura). 

Thorax  (Gr.  a  breastplate).    The  chest. 

Thread-cells.    (.See  Cnidie.) 

Thysanur^v  (Gr.  thusanoi,  fringes ;  and  ourUy  tail).  An  order  of  Apterous 
Insects. 

Tibia  (Lat.  a  flute).  The  shin-bone,  bein^  the  innermost  of  the  two  bones  of 
the  leg,  and  corresponiiing  with  the  radius  in  the  anterior  extremity. 

T0TiPAL3iAT-«  (Lat.  totus,  whole ;  tnUma,  the  palm  of  the  hand).  A  group 
of  Wading  Birds  in  w^hich  the  hallux  is  united  to  the  other  toes  by  mem- 
brane, so  that  the  feet  are  completely  webbed. 

ToxoDO.VTiA  (Gr.  toxim,  bow  ;  oaous,  tooth).     A  distinct  order  of  Mammals. 

Trachea  (Gr.  tntcheia,  the  rough  windpipe).  The  tube  which  conveys  air  to 
the  lungs  in  the  air-breathing  Vertebrates. 

Trachea     The  breath ing-tulies  of  Insects  and  other  Articulate  animals. 

Trachearlv.    The  division  of  Arachnula  which  breathe  by  means  of  tracheae. 

Trematoda  (Gr.  ireina,  a  pore).    An  order  of  Scolecida. 

Trfchocysts  (Gr.  thrir,  hair;  and  kustiSy  a  cyst).  Peculiar  cells  found  in 
certain  Infusoria^  and  very  nearly  identical  with  the  *' thread-cells"  of 
Coelentemla. 

Trilobita  (Gr.  treisy  three ;  loboSf  a  lobe).     An  extinct  order  of  Crustaceans. 

Tritozooid  (Gr.  triios,  third ;  zofrriy  animal ;  and  eiduSy  form).  The  zoiiid 
produced  by  a  deuterozoiiid  ;  that  is  to  say,  a  zociid  of  the  thinl  generation. 

Trochal  (Gr.  lri>choSy  a  wheel).  Wheel-shaped  ;  applied  to  the  ciliatetl  disc 
of  the  RoOfera. 

Trochanter  (Gr.  trechoy  I  turn).  A  process  of  the  upper  part  of  the  thigh- 
bone (femur)  to  which  are  attached  the  muscles  which  rotate  the  limb. 
There  may  be  two,  or  even  three,  trochantei's  present. 

Trochoid  (Gr.  irochns,  a  wheel ;  and  eido*,  form).  Conical  with  a  flat  base  ; 
applied  to  the  shells  of  Foramiv^ifera  and  Univalve  Molluscs. 

Troi'HI  (Gr.  irophosy  a  nourisher).  The  j>artnS  of  the  mouths  in  insects  which 
are  concerned  in  the  acquisition  and  preparation  of  food.  Often  called 
*'  instruraenta  cibaria." 

Trophosome  (Gr,  trephoy  I  nourish ;  and  soma,  bodyj.  Applied  collectively 
to  the  assemblage  of  the  nutritive  zoiiids  of  any  Hyarnzobn. 

Truncated  (Lat.  trunco,  I  shorten).  Abruptly  cut  oflf;  applied  to  univalve 
shells,  the  apex  of  which  breaks  off,  so  that  the  shell  becomes  "decol- 
lated." 

TuBicoL^v  (Lat.  tubay  a  tube ;  and  coloy  I  inhabit).  The  order  of  Annelula 
which  construct  a  tubular  case  in  which  they  protect  themselves. 

TuBicoLOUs.    Inhabiting  a  tube. 

TuNiCATA  (Lat.  tunicay  a  cloak).  A  class  of  Molluscoida  which  are  enveloped 
in  a  tougn  leathery  case  or  "test." 

TURBELL.VRIA  (Lat.  turOoy  I  disturb).     An  orrler  of  Scolecida. 

TCRBINATED  (Lat.  tuvbOy  a  top).    Top-shaped  ;  conical  with  a  round  ba.se. 

Ulna  (Gr.  oleni,  the  cn)ow).    The  outermost  of  the  two  l)one8  of  the  fore-ann, 

corresponding  with  iYi^jihula  of  the  hind-limb. 
Umbellate  (Lat.  umbelldy  a  parasolj.     Forming  an  umbel — i.e.,  a  number  of 

nearly  equal  nvdil  all  proceeding  from  one  point. 
UnBlLicca  (Lat.  for  navel).     Tlie  aperture  seen  at  the  base  of  the  axis  of 

certain  univalve  shells,  which  are  then  said  to  be  "perforated"  or  "  um- 

bilicated." 
Umbo  (Lat.  the  boss  of  a  shield).    ITie  beak  of  a  bivalve  shell. 
Umbrklla.    The  contractile  disc  of  one  of  the  Lucemaridu. 
Uncinate  (Lat.  uncinus,  a  hook).    Provided  with  hooks  or  bent  spines. 
Unguiculatk  (Lat.  unguis,  nail).     Furnished  with  claws. 
Ungulata  (Lat.   ungula,  hoof).    The  order  of  Mammals  comprising  the 

Hoofed  Quadrupeds. 
Ungulate.    Furnished  with  expanded  nails  constituting  hoofs. 
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Unilocular  (Lat.  units,  one ;  and  loculus,  a  little  purse).  Possessing  a  single 
cavity  or  chamber.     Applied  to  the  sheUs  of  Foramin\fera  and  MMutca. 

UNrv'ALVK  (Lat.  unus,  one ;  va/vor,  folding  doors).  A  shell  composed  of  a 
flingle  piece  or  valve. 

Urodkla  (Gr.  oura,  tail ;  ddoSj  visible).  The  order  of  the  tailed  Amphibians 
(Newts,  &c.) 

Urticating  Cklls  (Lat.  urtica^  a  nettle).    {See  Cnid«). 

Vacuolks  (Lat.  vacuus^  empty).  The  little  cavities  formed  in  the  interior  of 
many  of  the  Protozoa  by  the jpresence  of  little  particles  of  food,  usually  sur- 
rounded by  a  little  water.  Tnese  are  properly  called  ''food  vacuoles,**  and 
were  suppos^  to  be  stomachs  by  Ehrenberg.  Also  the  clear  spaces  which 
are  often  seen  in  the  tissues  of  many  Coelenlerata. 

Varici<:s  (Lat.  varix,  a  dilated  vein).  The  ridges  or  spinose  lines  which  mark 
the  former  position  of  the  mouth  in  certain  univalve  shells. 

Vascular  (Lat.  ras,  a  vessel).    Connected  with  the  circulatory  system. 

Velkskr  (Lat.  velum^  a  sail ;  gero,  I  carry).  A  name  applied' to  the  larvs  of 
most  of  the  Molluscs,  on  account  of  theur  possessing  cuiated  lappets  fomiiog 
a  **  velum." 

Vklum  (Lat.  a  sail).  The  membrane  which  surrounds  and  partially  closes  the 
mouth  of  the  "disc  "  of  MedusoR  or  of  medusiform  gonopnores. 

Vkntral  (Lat.  venter,  the  stomach).  Relating  to  the  inferior  surface  of  the 
body. 

Vkntricle  (Lat.  dim.  of  venter ,  stomach).  Applied  to  one  of  the  cavities  of 
the  heart,  which  receives  blood  from  the  auricle. 

Vkrmf>>  (I^t.  verines,  a  worm).  Sometimes  employed  at  the  pres<»nt  day  in 
the  same,  or  very  nearly  the  same,  sense  as  AnuuIoid<iy  or  as  Annuloult  j-Iun 
the  AnaHhrttpoda. 

Vermiform  (Lat.  vermuth  worm ;  and  forma,  fonn).     Worm-like. 

Vertebra  (Lat.  verfn,  I  turn).  One  of  the  bony  segments  of  the  vertebral 
column  or  backbone, 

Vkrtebrata  (L;it.  vertebra,  a  bone  of  the  Imck,  from  rertcre.  to  tiini).  T)." 
division  of  the  Animal  Kingdom  rouglily  characterised  by  the  possession  of 
a  backl)onc. 

Vesicle  (Lat.  vesim,  a  bladder).    A  little  sac  or  cyst. 

ViBRACi'LA  (Lat.  vibroy  I  shake).  Long  filamentous  appeniLiges  found  in  many 
Pofyztnt. 

ViBRioxKs  (Lat.  lyibrOf  I  shake).  The  little  moN-ing  filaments  developed  in  or- 
ganic infusions. 

ViPERiXA  (Lat.  rip^'rn,  a  viper).     A  group  of  the  Snakes. 

ViTRE()r.s  (Lat.  riinnn,  glass).  Glassy,  transparent.  The  "ntreous"  sp«DSi:f^ 
are  those  with  a  skeleton  of  flint. 

Viviparous  (Lat.  i-inis,  alive;  and  pario,  I  bring  forth.)  Bringiiii:  fortl; 
young  alive. 

Whorl.     Tlie  spiral  turn  of  a  univalve  shell. 

XiPHisTERNUM  (Gr.  xiphox,  sword ;  sternon^  breast-bone).     The  inferior  i-r 

f)o.sterior  segment  of  the  sternum,  corresponding  with  the  "xiphoid  larti- 
age  "  of  human  anatomy. 
Xii'HosuRA  (Gr.  xiphosy  a  swonl ;  and  oura,  tail).     An  onler  of  Cn"i*=r--!. 
comprising  the  Limuli  or  King-Crabs,  characterised  by  their  loni:  sw.^ri- 
like  tails. 
Xyloi'Hagoi's  (Gr.  xulon,  wood  ;  and  phago,  I  eat).     Eating  wooti,  applied  t^ 
certain  MoUuaca. 

ZKUcLODONTiD.f:  (Gr.  ze^tgU,  a  yoke ;  odous,  a  tooth).  An  extinct  fan:i'.>  ''' 
Cetaceans,  in  which  the  molar  teeth  are  two-fanged,  and  look  as  if  corujK  ?<■'• 
of  two  parts  united  by  a  neck. 

Zo(Eciu.M  (Gr.  zoiin,  animal ;  oikos,  housej.  The  "cell"  or  chamber  in  whic- 
the  pol^\ude  of  a  Polyzoiin  is  contained. 


GLOSSARY, 


m 


ZooiD  (Or.  rofVw,  animal ;  and  eidosy  like).  The  more  or  less  completely  inde- 
pendent orgnuisroa,  ]>ro4lnced  by  gemmation  or  fiKHion,  whether  these  remain 
attached  to  one  another  or  are  detached  and  set  free. 

ZoopHYTK  (Or.  ro/;»,  animal ;  phuloti,  plant).  Loosely  applied  to  many  plant- 
like  animals,  such  as  Sponges,  Corals,  Sea-anemones,  Sea-mats,  &c. 

Z(M)SP()RK8  (Or.  ztfOfij  animal ;  and  sjxmi^  seed).  The  ciliated  locomotive 
germs  of  some  of  the  lowest  fonns  of  plants  [Protophyta). 


INDEX. 


Aardvark,  M9. 
Aardwolf,  7u0. 
Abdammalia    (Cirripedia),     267,    276 ; 

(Fishes).  466. 
Abiogenesis  (gee  Spontaneous  Generation). 
Abranchiata  (\nne\idB\  244. 
Abranehiatai\ertebT&tA\  440. 
Abyta,  123. 
AealepfuTy  125. 

Acanthocephala,  214;  characters  of,  228. 
Acant.htHVdiv,  472. 
Aranthnmetra.  74. 
Acanthouietriita^  74. 
Acanthophis,  .'>2I. 
Arnnthf)pteri,  4<18. 
Araiitluijtterygii,  457,  4G3. 
Acarida,  304. 
..4car//ia,  303. 
Accessory  plume,  551. 
i4cf»/>Aaia(Mollusoa),  378. 
yl  c«  rof  A^  r«  M  ;/i ,  6S5. 
^ocrcu/ino,  68. 
AreUbula.  4f>l. 
ArlietidfP,  333. 
Achthcrea,  269,  270. 
Acicului<r,  397. 
Acinrta,  92. 

.1  n/zenvJeT,  469,  470.  471,  4Sr). 
Acnntia,  147. 

Acorn-shell.H.  271,  272,  273. 
AcndiidiT,  333. 
Acroilv^,  478. 
Actinia,  144,  146,  147. 
ActinUI(P,  145,  H6. 
ActinoniorfS.  167. 
Actinome.tra,  203. 
Actiwjthrtjs,  ("4,  74,  77. 
.\ftiM08oma,  145. 
Actlnozoa,  101  ;  charnct4»rs  of,  142;  divi- 

siouH  of.  145;  distribution  of,  171. 
Af'ulcnte  Hymen  opt  era,  341. 
Aouleiis.  340.  841. 
Aih'larthri'tnhuifa^  305. 
A'ljiitant,  5S.S. 
.E'llnetn,  129. 
^K'linidiT.  128.  130. 
yh/finopitiK,  128. 
.Khiridtv,  702. 
Albintpuit,  7U3. 
^■KlxmiH,  703. 
Alulidfv.  31)5. 
J-Udin^  302 
^KpiornU,  1)11. 


jEqfunid^K,  141. 

y&AiMi.  318. 

Aftomorphtet  605. 

Agama,  529. 

Agamidce,  528.  52P. 

AgapomiSj  596. 

^<7f2a«rintte#,  204. 

AffnoptfruMy  58S. 

Agouti,  713. 

At.  646. 

Air-bladder  of  Fish*»n,  455. 

Air-reeeptaclea  i»f  Bini^,  5<W. 

AlbatroRs,  580. 

^;<*rt,  57i». 

Alci'do,  »»  4. 

J  /<•«•*.  d"*l. 

AlcidfT,  570. 

Ahi/onaria,  145;  characters  and  divisi( 

of,  156;  distribntiou  of,  in  time,  17*. 
Alctjnnidfr,  157.  171. 
Alctjonidnnn.  Ht'd, 
Alfftoniiim,  157. 
AWintoidra,  440- 
Allantois,  440. 
Alligator.  6.34.  536. 
Alpaca,  678. 

Alveolus  (R.'letnnite),  412. 
Aml>er,  insects  prestTved  in,  323 
Ambbirhynchuit,  533. 
Aiiibli/Kfoma,  497. 
Anibuiarral  system  (Echinod*'nnata),  1 

182  ;  of  Ec  hi /widen,  186.  187  ;  of  St 

FisheH.   192;    of  Ophitiroidea,  lii6: 

Crlnoidea,  198,  20:J;  of  Hidothvntd^ 

2.7. 
Ahieira,  52S. 
Anicricnn  Cuckoos.  5J>6. 
Anierii'an  Vultuie,**.  607. 
Amet4il>olic  Insects,  324,  327,  r.2S. 
J)-<m,  469,  470,  473. 
AiuiadtP,  472. 
Animoc<pfrx,  462. 
Atntiutdtifex,  467. 
ylMiwi'»Mi'^x.  415.  41*5.  417.  4T» 
Ainnnmitidir,  415,  416,  417,  41>.  419. 
Amnion,  440. 
Amu  iota,  440. 
^  wKyfr/i.  17, 18,  59  ;  stnictun*  of.  CI ;  r* 

doprxiia  of,  62 ;  rex«ro<luction  of,  i6. 
Avicrbea,  56,  60.  64. 
Aviorbino,  64. 
Amphibia,  437,  439,  440.  441,  4<1.  4* 

general  characters  of,  4S9  :  deTeloi«it 


of     b    It  tea     niplrHnrT  niipiiii  of,      A  nunn 
tan    ordenof  tnSM;  dltUlbuUunof,      ADttom 


JflfliUa,  UT. 

AHfih«Ela(CTMiodlU),i3t. 

-1  -p*  .^™   TW 

Amphdlua  03 

AniAu,  am 

.4i<lfi<iiHBra,  sst,  «ay. 

^  iiipA<  ukAiu  «S<L 

^npA  io«iHf.r  Sii 

AHtifalhti'.U^'.ni,. 

Aniii-.,  m.   '      ' 

A  ,.ph  r~fn  -^3  ■Vt    chiiu-tenof.lBT; 

Adt-liou,  Ml. 

JnfRurmnui,  «M. 

■DtUng  InttlnuU  uT,  SIS ;  relaUoiu  *llb 

Asmltot.  AM. 

4HT. 

^^tomi..  »ll. 

(.      n  3BB 

jluTai^pin-Vi.  SM. 

JpAid«,  sta. 

JjiAidH,  331 ;  *Urg«d  putlMIliiecDWinf. 

An^lcW   11 

ad,  J7. 

.^pAu,  330. 

^M.  sad 

Aphl.-lton.  331. 
A^hrodUt.  iii.  m. 

A  gtlua  Its. 
Angler  *•& 

Ariffu  IMa  Ml   " 


ApuO^'niiiLa.  ibS. 
Afip*itdvjtiiarvtt  3Ua.  3UE 

J  p(f  niiidd.  67!,  sr*, 

Aquiteratu  lyiwai  (hi 
AradittaclU.  U«.  143, 11 


i^nubMa.  uhliKMH  .Bd 

divl.1 

iaIoDi 

mmiiira,  seu.  IK 
BopWft«™l«.,«T3.«S.;. 

or.  MO.  SOI :  familJeB  of,  i 

dsielo 
01,  5UI. 

or  Fanruptu.  3U : 


"fjiplu, 


Ar<ti!a,iS:. 
Ardeldir.  (ST. 
.Iniiiaibi,  2M.  1U. 


n^ 
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Argfman'a^  852.  401 ;  shell  of,  408,  409 ; 
reproductive  pmcess  of,  40<},  41v ;  hee- 
tocotyliis  of,  406. 

Artjonaxttidm^  409. 

Arl8U>cle*8  Lantern,  18S. 

Ark-sheUs,  385. 

Arniadillon.  616,  627,  644,  645.  647. 

Anns  of  Star-fl8be8,  193 ;  of  OpAiurofdM, 
196 ;  of  Crinmdta,  200 ;  of  Cvmo/vto, 
208 ;  of  Cystoidfa,  205 ;  of  BracMopoda, 
872 ;  of  Cuttle-fishes,  401 ;  of  JfautUut, 
403,  414. 

Artemia,  280. 

A  rthrogattra^  307. 

Arthropiida,  '2A0;  chAractenand  divisions 
of,  258. 

AHieulata,  258. 

Articiitata  (Bmchiopoda),  875,  376. 

A  rtiodaetyla,  663,  670. 

Armenia^  715. 

Aaaphvi^  282. 

Agearit,  230,  231,  232,  283. 

Ascidians,  solitary,  social,  and  compound, 
868,  369. 

Amr.ittioida  (see  Tunieata). 

Awoceran,  4i6. 

AwUus,  389. 

A  tintUf  668. 

Aniphonida  (LamtUibrane^iata),  885, 888. 

AspidUettt  88. 

AfpMorhf/nehwi,  473. 

Aiqtlanchna,  236. 

Astaeui,  291. 

Agtasia,  93,  94. 

Agtfriadae,  195, 

Aaterinidof^  195. 

AHterocanthiidoty  195. 

Asteroid  Polypes,  156. 

Agtertndi'Oy  182,  183;  general  characters 
of,  191:  families  of,  1D5;  diMtribution 
of,  in  space.  210;  in  time,  211. 

Asthfnogoma,  190. 

Agtamata,  56. 

AHrcea,  154. 

Agtrofidof,  155. 

Asfrogonium,  211 

AitropeeUn,  192,  211. 

Aglropectinidop,  195. 

AMtrt)phf/ton,  197. 

y| /«/«*,  7ai. 

Athfrata,  106. 

Athentra,  714. 

^  f /a/if iVirt?,  397. 

Atolls,  172,  173,  175. 

Atri.ll  system  {Brack iopoda\  373." 

Atrium   Tunicata  ,  305. 

^ffff,  .143. 

Auchenia,  678. 

Auk,  578,  579 

AuUtjUira,  156. 

-4?/re/»rt,  182,  136. 

Aurc'Iia.  325. 

Auriculaha.  207. 

yl  uricuUditf,  3y7. 

AunMihH,  »i94. 

Autolufu*,  254. 

Au*ophn<ji,  5t$6. 

.^rrx.  44i» ;  penrral  characters  of.  549-568 ; 
feathers  (»f,  550-662;  vt-rlebral  column 
of,  6'»2;  beak  <»f,  554;  pect4iral  arch  and 
fore-limb  of,  555  et  w//  ;  hind-limb  of, 
558  «t  «q. ;  liwV  o^»b5>^\  d\%.v:8tivc  Hys- 


tem  of,  560-5*3;  respirttorf  sjstem  of, 
Wi\  GircnUitoty  syatc'm  erf;  564.  565; 
nervoos  system  ana  oigans  of  84>ue  nf. 
566,  567;  reprodnctivp  system  of,  565; 
migrations  of,  568  ;  diviskms  of,  570- 
572;  orders  of;  572-611 ;  dlitribatktt  ut 
in  time,  568-570;  Uteratore,  611-618. 

AvicularU,  856,  857,  858,  380. 

AvieulidnB.  885. 

AvoceL  585. 

AxineUa,  79. 

Axolotl,  495,  496,  497. 

Aye-aye,  728. 

Babiruaa,  678. 

Baboon,  733,  733. 

Bahyroossa,  678. 

Bacteria,  9,  42,  43,  46. 

BactrUeM,  419. 

Baeulitet,  416,  417,  419. 

Baiiger,  703. 

Balana.  655,  656,  658. 

BaUenidee,  655, 657,  668,  662. 

Bakentq^ra,  658. 

Balancers,  8iy,  887. 

Baianidce,  267.  S7S,  273,  S74,  r5,  376; 

distribntion  of,  in  time,  297. 
Balanogtosnu,  237. 
Balanus,  272,  273,  274,  275. 
Balatrtt,  234. 
Baltarica,  587. 
Baleen,  655,  656,  657. 
BalUtidfe,  468. 
Bandetl  Ant-enter,  640. 
Bandic<K>t,  639. 
Banxring.  725 
BarbadoeM  Earth,  75. 
Btrbel,  466. 
Borbeta.  598 
Barnacles,  271,  272,  274. 
Barrier-reefs.  172,  173,  174. 
Btutcanion^  521. 
BtuilutcuMy  529. 
Bathybiiu,  60. 
Bathucrinu*,  203.  2ia 
Batideg,  478,  479. 
Batrachia,  498. 

Bats,  543,  617,  <>18.  620  et  geq. 
Beaked  Rays.  480. 
Be.ar,  698,  701,  702,  709. 
Be.-ir-animalcnles,  3()4. 
B«.-arded  Vulture,  6o7. 
Bi-avcr.  714. 
Bed-bug.  332. 
Hee-eaten*,  G03.  604. 
Bee;i,  parthen(.»gtrnosis  of,  37 ;  commcnl- 

tieH  of.  342. 
Belemnitfg,  structure  of,  412. 
BdemnUidce,  411,  412,  419. 
Brlinunig.  2l»7. 
Bellerttphina,  S9S, 
BflUntphon,  S9ti. 
BeUtdnn,  537. 
Belngu.  473. 
Benturong,  705. 
BerardiuMy  661. 
]{^roe,  170. 
Bfroidtr,  170. 
Bighorn  Sheep.  684. 
Bimana,  general  oharmctom  of,  7; A 
Binomial  noraenchitUTe,  29. 
Biology,  definition  of,  1. 


BH'liim,  T. 

Brill,  4ST. 

Biii..  734. 

Brine-thrimp.  Sg( 

BipiH„aria,  IK. 

fir.-»<«a.  lUe. 

Bini.ll«.  MB. 

Blnl'^haa  |BW«i,  >M,  35T, 

BrilUe-.tiiBi,  U-ft 

Knl.ofPar»lW,flOfl. 

BinJi  of  Pit)-  (He  Haptorf). 

Birgiu.  SM. 

Brwoaio  (Mt  tolyzoa). 


Bl«>o«tjIe,  111,  1 
Blalta,  »n. 

Binitida,  aas. 


Bi'pgriOa.  S88,  289. 
£<>.  «e4. 
BoKhru.  iSi, 

Bot^fllei,  'S38. ' 

B-ilrjiUui,  38*,  387. 

ftmidn,  N3,  «»l,  CI 
Boir«r-Urd«,  flOI. 
B  >i4lBWn,  K». 
Bnuhiolaria,  IDG. 


■yitcni  or,  iia : 
T4  i  dlvtoici 


BiiiTtng  Beetlen,  S4S. 
Buili-qiillll,  6l4. 

B<i11«rniM.  a9U,  sti.  SSI 


C^.rfiiti4rfln<:*fa(ii  (.itnpAifcia),  41 
Cera.',  iuUttloKl  (of  mrda),  Ml 
1,  4ll4.4Rt,  iib. 


Calm) 


iDlimg.  A.;  ilevelopme 
Bradiiuna,  SUV. 
Bracht/mtbipuBt  207. 
fiiutAimnl.  MM) ;  rhinctcn  of,  M4 

BncU  (m  IfifdiY^yJlfa),  HI. 
Bradnpndidit,  i)44,  MS.  WJ. 
Bnid.vptH,  MS,  MS. 

BramathariHtH,  ttl. 
Branthtltioa.  Mb,  34T. 
Dranithlil  ireha*  (Pigfan).  m,  4tl. 
Bmnclilnl  hewta  (C'littlE.nahei),  4113. 
nnni'lilftlHC  iTunieata},3iH,ttia;  ( 

mtlida).2U. 

fa  (Biuff mjKnIfl,  B9J. 

ta(r(rtefcrala).440. 
MnniKhifira,  3»«.  SilS,  3VS. 
Bmiul  ivMcIfx,  S4T. 
AranejIfuj^uUnfHdii,  3SI>,  .SOS. 
ifraruAit^odo,  303^  377,  37^. 
Unuichknlcgal  n;i<,  4(f,  tM,  4ii4. 

.SraneA^iu,  ISO, 


if,  Iniixcc,  3TSl      Okg-ui 


411. 


CalantoKlithyM,  4M,  473. 
CaUarea  (SuuDgfts),  Bfi. 
Calcan'na,  ». 
CaJnoio,  li»,  i«e. 
Cale/uiowi'a,  78,  31,  86. 
Ci>llcs(ConiL>).lS!. 
C«llfotii(»n  Voltuts,  808. 
CnlllDg  Cntm,  iVS. 
Clllne  H«™«,  713. 
CaUiliri*.  731. 
(7(ifJi^7nip£t4*  ' " 


Caittria.  100,  a: 


A4T7. 


iatyeoplvridn.  110;    polypllw  of,   i*.  ; 

CRlyi'itoblutlc  QjdroidB,  114. 
Caltiptniidie.  394.  ' 

Cilfi  (or  VortiHlla),  81;  (or  Crlnoldi), 


778 


INDEX. 


Campanularida,  104,  117;   medtuifomi 

gouopliores  of,  117. 
Campoaea,  828,  330. 
Canala,  of  Sponges,  80;  of  Alejfonarta, 

157,  180 ;  of  Cttnophora,  168,  IM. 
CttneromOt  587. 
Canida,  706,  709,  710. 
C«ni>,  706.  707. 
Cantharida,  345. 
Canvus-back  Dark,  582. 
Capitaluni  {Lepadida),  272.  275. 
Capra,  684. 
Caprella^  286. 
Capreolits,  680. 
CaprimiUgidaSf  60S,  604. 
Capyhara,  713. 
CarabidoBf  345. 
Caracal,  709. 
Caraiiace,  otDifl\tgia,  63 ;  of  jlrwtia,  A. ; 

of  Vaginieola,  92 ;  of  Cnf«taoea,2M.  269, 

292 ;  of  Lobster,  262,  264,  292 ;  of  Crab, 

294 ;  of  Chelonian  Beptilea,  611,  512. 
Careharitu,  478,  479. 
CarcharoditTit  487. 
CareheMium,  92. 
Cardiadtr,  .^85,  386. 
Card\t4litt,  601. 
Caribou,  681. 
Carinaria,  352,  306,  398. 
Crtrinato',  571,  677. 
Carnieortt,  «18.   621 ;  general  characters 

<»f,  697;  divihIoiiM  of,  e98-7u9;  distribu- 

Hon  of.  in  time,  709,  710. 
Crtp,  406. 
Carjtcnteria^  ?*>,  71. 
Cnrjtophnjjn,  638. 
Carriage-ripring  api>aratU8  (Brachiopoda\ 

372. 
Cartioran\  207. 
Caryophjftlia,  151. 
Cansidina,  289. 
CoHtidulinida;,  69. 
Camti^i,  392. 

Ca»8^)wnry,  656,  558,  5O0,  672,  674. 
CtJUtor,  714. 
Caitorxdcr,  714,  717. 
CagtoroideM,  718. 
CajiuariUit,  574. 
Cntarhina,  I'll,  731,  736. 
Cathartcif,  6U8. 
Cathartidtv,  aort.  607. 
Catodofifidte,  (555,  058,  662. 
Cats.  709. 
Cf  F/rt,  71. S. 
Cavicornia,  6S2. 
CavidfK,  713,  717. 
rfW//fi'.  730,  731. 
Ct-i/M/t,  731. 
Ceeidomuia,  338. 
Cells,  of^Pohjzoa,  .051.  357. 
CelluloHC  in  AHcidinnK,  13,  364. 
Cemt'nt-glnnd  of  Cirn'pedes,  271,  273. 
Centeft'it,  724. 
Centrtidfp,  724,  726. 
Ccntipede.sf311,  313. 
C^ntrocercxtn,  691. 
CephalaftpiH,  474,  475,  485. 
Cephalnhranchiala  (see  Tvhicnla), 
Cftphnhiphrtra   Molht^ca),  378. 
CfphalojMxla,  3.50,  351,  378,  387;  general 

charactcni  of,  400  ;  arms  of,  401 ;  funnel 

of,  402;  ink-ba^  of,  403;  mandibles  of. 


A. ;  dlgMtlTe  ■ystom  of,  A. ;  bftacbte 
of,  A. ;  nerrons  syiteiD  of,  404 ;  repto- 
dnctioB  of,  404-407;  sketoton  of,  4«7. 
408;  divlaions  of;  408-417 ;  dtstribottoB 
of,  in  spwse,  417 ;  In  time,  418,  419. 

CephalopUra,  480. 

C«phalothoraz,  of  Cnutaeea,  S60;  of  Ar- 
aehnida,  298. 

Cephaluna^tOO. 

CepheOt  ISO. 

CeroHeg,  521. 

CemtiocarU,  297. 

Cerataev,  415.  419. 

Ceratodui,  481,  48S,  487. 

CenUopkry^t  49S. 

CereoeafrM.  727,  732. 

CercolabeM,  714. 

CereotofticiA,  714. 

Cereoleptt9,  702. 

CtrrvopiMectw,  7S2. 

Cere,  of  Birds,  501 ,  507. 

Cerianthui,  146, 148, 170,  IH. 

Cerithiadte,  894,  398. 

Cerf  Aia,  002. 

Certkid^,  602. 

Cervidm,  079,  080,  080. 

C«rPti«,  080.  OSl,  OSO. 

C^ryU.  004. 

Ce«toufea  (see  Tctniada\ 

Cefttracum,  478.  479,  460. 

Crgfraphori^  478,  480. 

Cf*tum,  170. 

Crtacta,  615.  616.  618,  619.  62«,  624.  «i'.. 
627 ;  general  cbaraeters  « if,  6£4  ;  pp'UI« 
of,  666 ;  diKtribution  of,  m  time,  (61. 

Cetiosaunig,  637,  445. 

Cetochilug,  279. 

Cctonia,  348. 

Chacina,  733. 

Cfueropotamugt  686. 

Chasropsit,  671. 

Chferoput,  630. 

ChnUtts,  166. 

Chalognatha,  24«. 

Chvetomdm,  234.  256. 

Chtetophora,  24-1. 

Chfefffpoda^  263. 

Chalcidid(B,  526. 

Chalicomrj*,  718. 

ChatwflttK  631. 

ChinmrUontidtr,  531. 

Chamidtr,  385.  386. 

Chamois.  «S3. 

Chanuel-liill  Cnckoo.  595. 

Charadriidce,  5SS. 

Charadriu*,  6S8. 

Cheese-mite.  3iM.  305. 

Cheetah,  709. 

Chciiostomata.  361,  362. 

Cheiromi/dfP,  72S. 

Cheirtunyg,  728 

Cheirotxfcte*,  639. 

Cheir*yp*tra^  general  characters  of,  Tls^: 
divisions  of,  719  ;  distribution  of,  u< 
time.  721. 

Chcirotherium,  503. 

Chehc,  264;  of  King-crab,  2S3 :  of&'oqiii'n, 
301,  308 ;  of  B<M>k-8Corpiou,  3.6. 

Chelicenu,  301.  308. 

C/nflichnug^  515. 

Cheli/er,  306. 

Cheliferoos  Slateri,  2$>8. 


>1D  i  ffflDBn 
idlviJou  ol 


tn!  cbinMtr*  of,  810. 


Vlutvdida.  ill. 


niloirHn' 


CUoSro.  47T,'4TS. 
ChlmpMiiM,  734.  7!5. 


i;  alBlnlj.fi«3;oflIi 


Chitonldir.  it*. 
CUamydoianiv/,  S3S 

C^inn/idother>vm.  o 
Cklat  ■  '- 


Chloi  ,„ .. 

■OionJropiirMnifa,'  467,'  I7i. 

Ctvmdrof^idm,  4T3. 

ChtrndmiUiiM,  tgs. 

CSanIa  donaliiilirr  N<:iafbnni). 

ChroniitonhorH.  4uL 

-CliTTUlli.  3ti, 

ChryKimi,  134 

CArjrtgtWurii,  TJ), 

Chrvvtaa.  S34. 

Cbnb.  i«S. 

ClijUiqnenm  euuli  ()f»i™«),  IIT. 

Cliytiu|iif<ni*  flnhl,  gt  Jtufiftni,  iSS;  of 

Chflinr  (tijiui^b  of  lna«-ii.  s^i. 
Chj'iiif-niiMdt/HAuun'.i.  88. 
CkindtUda,  SU. 

Clfminir.  M7. 

CUIarii  IM. 

I'illft,  iir  apnnsei,  79 ;  of  Infiuotiti.  811, 9\ ; 

of  ^Mfnofn.  14^:  of  Ccii'wA'inl.  Id'. 

I<»;   aT  fi-AiRiu.  IBS:   or  AuDalldn, 

W4. 


O.E..., 


ni(«ee  /"AifynpoftmncAft 


Oaagula.  bit. 
Oli^datlon,  as  IP. 
Clavnlttbi.  110. 
CJ<«liini,  8W,  400- 


CoJrujrf*™, S18,  Si7,  ajS;  month  of.  SID; 


CatHmbacel.  iOD,  M3 

Columull*,  nrcomlj.,  ISJ;  . 

Onji(nni/B(rfn.  Jill. 
Colnmn,  ofjcliniito,  Hd. 
Cof^Hnfruftf,  MO. 
Ci-lyabut,  Kit,  l:>0. 
Comaroctff  (ir«,  ^&, 
Ci'iuuUr.  Ma. 
Cwuliiia,  MS,  901,  MS,  111 


Oaiuhtfirn,  (nB  f.nniej 

CmintirH.  (TO. 
CmiiniJlfa,  IM.  I7S. 
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Amceba,  62;  of  Paramctcium,  90;  of 
Vorneella,  Dl;  ot  EpUtylin,  02. 

Conularia^  400. 

Coot,  585,  586. 

CopejHHia,  2()8 :  charaoten  ot,  27S. 

Cvphobelemnon,  160. 

Coral  («e«  Coralluui). 

Cond-reefi),  171  tt  geq. 

Coral-snakeH,  621. 

Conllite.  154. 

Corallium,  160,  161. 

Coroltum,  145, 149, 150,151.158.163,156,157, 
158,  \59,  160,  Iftl,  162.  163, 164. 165, 166. 

Cordylophora,  106;  goDophores  of,  108; 
distribution  of,  141. 

Cormorant,  681. 

CornuUtM,  256. 

Cortical  layer,  of  Tt\futoria,  88,  89 ;  of 
JSoetilucay  95. 

Corvid(B,  60U. 

Cornne,  10& 

CoryiMffa,  104;  characters  of,  106 /repro- 
duction of,  107;  tyites  of,  112;  devel- 
ttpment  of.  Ill ;  distribution  of,  141. 

CwrynoideM,  141. 

Coryomorpha,  106, 113. 

Coryphodotif  685. 

Coamu,  840. 

Cotvurnix^  591. 

Coypu.  714. 

Cow  Bunting,  696. 

CowrioH,  894. 

Crab-Lf>h8tera,  294. 

CrabronidcPt  342. 

Crarida,  692. 

Crane,  6i>((. 

Crane-fly,  337,  338. 

Crangon,  288. 

Crania,  371,  372.  377. 

Craniadoi,  876,  377. 

Craspeda,  147. 

Crax,  592. 

Creeper*,  602. 

Crex,  586. 

Cribella,  195. 

Cricftu*,  716.  710. 

CricketM,  833. 

Crinoideay  183  ;  peneral  characters  of, 
198  et  *»7.  ;  distribution  of,  in  apace, 
2U9  ;  in  time,  2M ;  rttructure  of  calyx  in 
fossil  forms  of,  Uk 

CruKera*,  416,  417,  418. 

Cn'^atella,  367. 

CriMtateUidcr,  3«l. 

Cristellaridea,  69. 

CriKodilia,  508,  509,  610;  general  charac- 
ters of,  534 :  divisions  uf,  63t>. 

Cro<nidtliUf,  636,  636. 

Crop  of  Insects,  321 ;  of  Birds,  661. 

Crogitarchujt,  706. 

Cross-bill,  601. 

CrottsoptfrtigiduE,  471,  472,  481. 

CronutopuH,  724. 

Crotalidof,  618,  62  \  521. 

Crotaltis,  617,  620. 

Crotophnga,  596. 

Crows,  600. 

Crust,  ofCntKfarfa,  260;  of  Trilobitcs,  281. 

Cnmtacen,  258,  269 ;  Keucral  characters  of, 
2b9etHeq. ;  morphologyof  atypical  Crus- 
tacean, 260  et  neq. ;  divisions  of,  207 ;  dis- 
Iributlon  ol»iii  HV«^ce»295  ;  in  time,  290. 


Ctyptokelia,  165. 

Crypt4mi§cu9,  289. 

Cryptvphialu4t  276L 

Cryptoprveta,  7u6. 

Cr^ptotfegitt^  69. 

CrystalliDe  stylet,  S82L 

CtenoeaneAttf,  486. 

Cteuocyst,  169. 

Clen'xIteeiM.  192. 

CUnodiu,  487. 

Ctenoid  scales  of  Ashea,  443. 

Ctenomyf,  714. 

Ctenop/utra,   145 ;    cbaractem  of,   166  ; 

homologies  of,  109;  divisions  (^,  179: 

distribution  of,  171. 
Ctenophond  canals,  16S,  170. 
Ctenophores,  167. 
CUnt^ptyehiiu,  486. 
Ctenottomatat  361,  361. 
Cuckoo,  695. 
Cwsulida,  595. 
Cueumaria^  2u9. 
CulieidtB,  337.  338. 
CvUirotiff,  686. 
CMfitno,  129. 
Corassow,  692. 
Carlew,  688. 
Cunoreg^  653,  564 ;  characters  of.  572, 575 ; 

dlstribntioQ  of,  in  tiiue,  575-677. 
CiMCiM,  633. 

Cuticle,  of  ^mopfta,  61 ;  of  Infusoria,  Sft 
Cuttle-bone.  407,  411. 
CuttledslK-s.  400,  401,  402,  403,  406.  407, 

408,  409,  417. 
Cnvieria,  3t»9,  400. 
Cyamtnf,  287. 
Cyaneay  133,  136. 
Cyathaxfmio,  166. 
Cf/athaxonidaif  16«.»,  175. 
Cyatkophyllidar,  166,  175. 
Cyathophyllnm,  152,  166. 
Cycladuhr,  386,  386. 
CyeUu.  3S3. 
Cyclobranehiatn,  394. 
Cyelodwt,  625. 

Cycloid  8calr!<  of  Fislies,  413. 
Cyclolabridtr,  4!»8. 
Cyrlophthalmujt,  310. 
CyeUypoidea^  262. 
Cychps,  278. 
Cyclu¥tumata(Polyzoa)f  :161, 362 ;  (Flahfs). 

469. 
C//cZo*f owii  (Pishes).  459, 
Cyeluttainidct  {(ya4itrupoda\  397. 
Cyeltithuruif,  648. 
Cydifipe,  167. 
Ctfgnidie,  682. 
Cygntu.  581. 
Cymothoa,  288. 
CynarluniSf  709. 
Cynipidof,  341. 
Cynocephaltu,  732,  733. 
Cynodictu,  710. 
Cynodraco,  646. 
Cynogale,  705. 
Cynoinyn,  717. 
CynttpithecMi^  733. 
Cypraridif^  394. 
Cypridina,  277. 
CyprinidiK  (MfMuscaX  386,  SS6  :  <Fisbe«). 

466. 
Cypri*,  277,  278. 
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CitjtfteUdfP.,  603,  604. 

Cffrfor.era«,  416,  419. 

Cf/rtolitf9,  898. 

Cynticerei,  216.  218,  220. 

Cystic  Worms,  215.  219,  220,  221. 

CyitiphyUidre,  16t>,  17.'). 

Ci/fttiphyllum,  lef),  166. 

Cyttttidfa,  183 ;  general  chnrncters  of,  203 ; 

(listribntion  of,  iu  time,  211. 
Cythrrf,  277. 
Cytherea,  379. 

Daeelo,  604. 

Dactylethra,  501. 

DaetyU>ptifnu^  4>0. 

Vajila,  582. 

Dakogaunutf  537. 

DavM,  680. 

Dapknia,  279. 

Darter,  581. 

Darwinian  theory,  46. 

DtUKtmiM,  f>75. 

DagyiHidida,  t>44,  647. 

Vaff'ifjtnxrta,  713. 

Da*ypwt^  645,  647. 

Dnsyunis,  637.  640,  6i3. 

Dawnofiella,  398. 

Death  -adder,  52 1 . 

Decapoda  (Cnuttacea),  289 ;  distribution 
of,  in  time,  297;  (Cephalopoda),  402,  i09, 
411. 

Decollate<l  shells,  353. 

Deer,  679,  (WO. 

Degeeria,  828.  329. 

Detnnsauria  (see  Dinonauria). 

Deimithrrium,  692.  695. 

DeiphinUItE,  065,  659,  662. 

Delphinun^  659,  660. 

Dernodex,  804,  305. 

Difadrocwla,  225. 

DendrograptuM,  137,  141. 

DrndnthyraXt  692. 

DentlrolaguH^  637. 

Dftuirophyllia,  150. 

Dendrtwtylc,  136. 

Dental  fonuula.  623,  024. 

DentaliiiiEy  394. 

Dental ina,  68. 

Dentalium,  391. 

Dmtirostren,  509,  601. 

Deniaa,  733. 

De.sman,  724. 

Development.  89 ;  Retrograde.  41 ;  of 
Gregannido!,  68  ;  of  F'traminifera,  67 ; 
of  Sponges,  84 ;  of  Hydra,  106  ;  of  t-ory- 
nida.  111;  of  Calycophoridoe,  122;  of 
Phymphondo!,  124  :  oT  Medwidce,  128; 
of  Lucemarida,  132 ;  of  i4cfin»d<y,  147 ; 
of  Pleurobrachia.  169 ;  of  Echinoder- 
mata,  182 ;  of  Echinoidea,  190 ;  of  ^«<«- 
roidea,  19-4 ;  of  Ophiiiroidea,  197 ;  of 
Cornatiila,  203 ;  of  Holothuroidea^  207 ; 
of  Tmniada,  217  ;  of  Trematoda,  223  ; 
of  NeiMrtida,  226;  of  Dalawtglostnu, 
227;  of  Aeanthoeephalat  229;  of  Tn- 
cAinu,  232 ;  of  the  Guinea-worm,  16.  ; 
of  Oephprea,  242 ;  of  Hirudinea,  247 ; 
of  Tubicolar  Annelides,  250  ;  of  Errant 
Annelidea,  254 ;  of  Crwrtareat  261 ;  of 
letUhi/ophthira,  269  ;  of  Jthizocephala^ 
271 :  ofCirripedia,  J72 ;  of  ^ttraeoda, 
277 ;  of  Copepoda,  278 ;  of  Phyllopoda 


280;  of  TrUohUa,  282;  of  Lhnulwt, 
2»j5;  of  I»ipoda,  288,  289;  of  ^7npA»- 
pf«ia,  287  ;  of  Stomapoda,  289;  of  Mac- 
nira,  293;  of  ^ytomMra,  293;  of  fira- 
ehyvra,  295;  of  Araehnida,  302;  of 
MyriawHla,  312 ;  otlmeeta,  324  «t  •eiy.; 
of  Polyzoa,  361 ;  of  Tunieata,  366 ;  of 
BrachUtpoda,  375;  of  LatneUihranehi- 
ata,  384;  of  Gasteropoda,  SW ;  of 
Amphibia^  180  <»f  «!<^. 

Dextral  shells,  .M53. 

Dibranehiata  (Cephalopoda),  408 ;  charac- 
ters of,  »ft. ;  divitfiona  of,  409-412 ;  distri- 
bution of,  in  hjiace,  417;  in  time,  419. 

Diceratherium,  663,  664,  685. 

Diconodon,  667. 

Dicoryiie,  111. 

Dicotyle«,  673. 

Dieroetnts,  686. 

Dietyocygta,  89. 

Dietyonema,  141, 142. 

Dicytwdon,  541. 

Dieynodontia,  541. 

Dicuttidea,  67. 

Didelphia,  629,  tm. 

Didelphidae,  633.  639. 640. 

Dide&hyg,  633,  639,  64U. 

Didid(r,  593. 

DidurtculidO!,  593. 

DiduncuUigy  593. 

Dufu«,  593. 

Didyinograptwt,  142. 

Vifftttaut,  63. 

Dtgitigrada,  698,  704. 

Diinorjthi.don,  543. 

Dhnyaria,  384. 

Dinoceran,  687,  668,  689. 

Dinoeerata,  687. 

Dinophit,  523. 

DinorniH,  575,  576,  677. 

JHnomUhidce,  bib. 

Dinoaauria,  410,  643.  544.  545. 

IHomedea,  680. 

J)iphasia,  115, 116. 

Dipby cereal  tail  of  Fishes,  451. 

Diphye8,  122. 

Di))hyozodid8,  122. 

Diplacanthu$,  486. 

Diplographu,  138,  142. 

Dipiwi,  461 ;  general  characters  of,  481 
e<  /tc^. ;  distribution  of,  in  time,  4S4, 
487. 

DipodidfB,  716,  717. 

Dtpodoiny«t  715. 

Diprotodon,  643. 

Diptera,  319,  321,  327.  326;  mouth  of, 
821 ;  characters  of,  337. 

DijpUrus,  487. 

Dipus,  716. 

DiMciua,  372,  377. 

Di9cinid(B,  376, 377. 

Discophora  (Medimar),  characters  of,  125 

Discophora  (Leeches)— see  Himdiiufa. 

Diworbina.  66. 

Dissepiments  of  Corals,  163. 

DisUf,  103 

Distoma,  223,  224. 

Distribution,  geographical,  48-50 ;  bathy- 

metrical.  60 ;  geological,  61. 
DUhyroearis,  297. 
Diver,  678,  680. 
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Pjiggetai,  660. 

Docitphonut,  328. 

Dodo,  593,  694. 

Dog,  706. 

Doff-fisbes,  47A,  47P. 

Doliolum,  3(M,  360. 

Dolphins,  659,  600. 

Dorcatherinn^,  68d. 

Dtrridce,  895. 

/>on>,  396. 

Dormice,  716. 

Dorsal  vessel  of  InstH^ts.  SSS. 

Doruibranehiata  (nee  frmn^taX 

Dtfrylaimiu,  2M1. 

Draco,  529,  630,  548 

I>ra«uncff2u«,  231,  232. 

Drnicon -flies,  334. 

Dreinotheriunk,  6S0. 

DromafvrtM^  577. 

Drovnaiiur,  674. 

Droinatheriuin.  641. 

DroiuedAry,  678. 

Drttmia,  294. 

Dryopitheexut^  736. 

iMick.  567,  582. 

Duckniole.  (;16,  618.  622,  689,  630,  681. 

DiigonK.  615.  651,  652,  653. 

Dytiicidix,  345. 

Engle,  607. 

EoKle-mys,  4. SO. 

Earth  woVin,  248. 

£nrwiif  333 

KfhUIrt'a,  0J2,  626,  629,  631),  631,  632,  833. 

Eehiimffi,  714. 

JHchiHilrorri,  221,  222. 

Ec/iiiftdennnta,  ls«);  general  chamrlers 
of.  181  ;  (levcl«»i»iiient  of,  182;  dlviiiionB 
of,  18:< ;  distribution  of,  in  time,  2l0€t)ieq. 

EchiniHlon,  f>,'J3. 

Ecfiinouica,  charaotora  of,  183;  test  of, 
ib. :  ambularral  system  of,  IStf;  digest- 
ive systtMn  of,  188;  divisions  of,  190; 
<listribution  of,  in  siuice,  210;  in  time, 
212. 

Kchiiwrhio^^huit,  228,  220. 

Echiiwfhuria,  100.  212. 

Echinothuf'uhi',  1S3,  190. 

Echhiozoa,  180  (see  Annuloida). 

Echinnn,  184.  185,  18?,  180. 

EchiuniJt,  241. 

Ectocy.xt,  3J7. 

Eciu<rerui.  100. 

Ectosare,  «5|. 

Edapfiodui,  477,  487. 

Edentata,  tJlS,  <>25  ;  general  rhamctera  of, 
r)44  :  distribution  of,  in  time,  64J». 

Edriophthahnata,  2(*iS;  clmructera  and 
divi.siiiUH  of,  2v» 

Edirardsia,  146,  14S,  171. 

E'apina,  521. 

EbijiK,  521. 

EiilKf-duck,  682. 

Elaxmohranrhii,  charnctprs  of,  475  et 
Mq.  ;  divisions  (tf,  477-480  ;  position  of, 
in  th«  scale  of  Fishes,  480;  distribution 
of.  in  tiuic,  484-1 8t5. 

Ela^iinndus,  477,  487. 

EfaphuruM,  r»Sl. 

ElaHni'iffnathuiiy  067. 

Elattrida,  %V^. 


Electric  Eel,  465. 

Electric  Ray,  48a 

Elephant,  062,  692,  69S,  894,  695. 

Elephant-shrew,  725. 

BUphaa,  093,  094,  099l 

Elk,  081. 

mynadee,  S95. 

Bjrtra,  of  Aphrodite,  S54 ;  of  ColtJpten. 

318,  344. 
Emeu.  551,  650,  572,  574. 
Em^ida,  514. 
Etnffdium,  So4. 
Emyt,  513,  514. 
Enaliotauria,  53S. 
Rne*phala  {MoUu9ea\  878,  SStf,  3S7. 
EnerinuM,  211. 
Endocyst,  357. 
Endoderm,  100. 
Endopodlte.  204. 
Endoearc,  61. 
Endostyle,  305. 
EnhydrU,  704. 
Entomopkaffa,  039. 
Entomottraca,  268;  cbaracten  of,  ST6: 

divisions  of.  277. 
EfUowolenia,  87. 
Entozoa,  214. 
Etteidaria,  191,  212. 
EocuttiUt,  211. 
Rtphri/nuit,  310. 
Eosaiiru«,  63S. 
EoHcorjuus,  ."tlO. 
Eovph'tra,  237. 
Etithfrium.  654. 
EozfMin,  72. 
Ephemeridfr,  334. 
Epht/ra,  35,  133. 
KpirriutH,  495. 

Epidennis  (of  the  shell  of  MoUu4ca\  J^i 
Epimera,  262. 
Epipodite,  264. 
EpiiH>dinm,  388;   of  Pterupttda.  ^39:  of 

CephaltijhMla,  402. 
Episterna,  262. 
Epistonie,  358. 
Epi*tuli«,  88,  92. 
huiz'ni,  267  ;  characters  of,  268. 
Eqitidif,  1568.  686. 
EquitJt,  608,  6rt9,  670. 
ErtthizDH,  714. 
Erichthyn,  289. 
En'naceidie.  724.  726. 
Erinacfus,  723,  724. 
Ermine,  704. 
Errantin,  214;  characten*  of,  2i»2:  £•:!;- 

mutioi)  of,  253;  development  oi.  2JI : 

distribution  of.  in  time,  255. 
EKchKcholtzia,  170. 
Ettncidte,  460. 
EtptriOf  85. 
Ettheria,  280.  2il. 
Euchari*,  170. 
Eudendrium,  112. 
Exiglene,  03,  94 
Eunice,  243.  251. 
Eunicfii,  254. 
EupUcUlla,  S3,  8S. 
Eujtlfxoptera,  333. 
EuftUdfit,  13. 
EHproo/m^  297. 
EupMintnidaf  150. 
EuryaU,  197. 
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Eurypterida,    285 ;    distribution   of,  in 

time,  297. 
Eurypterxut,  283.  21*7. 
Eurystomata,  170. 
Exocf^twf,  450. 
Exopodice,  '264. 
Ex^racrinun,  212. 

Fdt'Aal  Suture  of  Trilobites,  282. 

Falconid(r,  60«,  607. 

Fallow- deer,  «80. 

Pan-coral,  161. 

Favitsiteg,  153,  l.'ifl. 

Feathers  (structure  of,  550-552. 

Feather-siHT,  202. 

Fflidcr,  618,  707,  710. 

/>/w.  70S,  70f». 

Ff  nest  el  la,  362. 

/"ertp,  697, 

Ferret,  704. 

Field-bug,  332. 

Pield-iuou.se,  715. 

Filaria,  232. 

File-flshes,  46a 

FiloplumiK.  552. 

Finches,  599,  601. 

Fianer- whale*,  658. 

FtrolidfK,  897. 

Fisidliitguia.  625. 

Fission.  30.  32 ;  of  corals,  155. 

Fitutltoittrejt,  5(«9,  603. 

FU*tirellid(jf,  894. 

Flngella,  55.  93. 

Flagellata  (Infusoria),  88,  93. 

Flauiingo,  583. 

Flat  fishes,  456,  467,  486. 

Flea,  336. 

Fle^h  fly   839. 

Float  of  Phyit(*phoridaf,  123. 

Fl09cutaria,  234,  236. 

Flukes  (.Suctorial  worms),  222,  223. 

Flvntra,  12.  31,  355,  856,  369. 

Fly-catchers,  602. 

Flymg  Dragon,  530. 

Hying  Fish,  450. 

Flying  Qumard,  450. 

Flying  Lemur,  725. 

flying  Phalanger,  638. 

Flying  Squirrel,  717. 

Food  of  animals  and  plants,  14. 

Food- vacuoles,  62,  90. 

Foot,  of  Boti/era,  234  ;  of  LamelUbran- 
chiata,  384 ;  of  Gasteropoda,  387 :  of 
Htter<rpoda,  396  ;  of  Pteropoda,  899 ;  of 
Cephalopoda,  402 

Foot -jaws,  of  Lobster,  266  ;  of  Centipedes, 
313. 

Foraminifera,  9.  31,  50,  64  ;  sarcode  of, 
64  ;  pseudopodia  of,  66  ;  test  of,  6rt,  67  ; 
unilocular  and  mnltilocular,  67  ;  stolons 
of,  ib. ;  classification  of,  68  :  affinities  of, 
68,  69,  70 ;  distribution  of,  in  space  and 
time,  71.  72. 

Forest-bug,  332. 

Forest-fly,  838. 

Forjlciila,  319. 

Forficulid/r,  333. 

Formica^  342,  348. 

FormicUUB,  342. 

Fowl,  591. 

Fox,  706,  707. 

Foz-bat«,  721. 


Franeolinus,  591. 

Fratercula,  579. 

Fresh- water  Mussels,  885. 

Fresh- water  Shrimp,  2b7. 

Frigate-bird,  581. 

Frill-lizard,  529. 

Frinffilla,  601. 

FrifUjillidcB,  601 . 

Friuging-reefs,  172,  173,  175. 

Frog.  4<*0.  491,  498.  499, 502;  development 

of.  500,  501. 
Frrtgipora  (Hats),  719,  721. 
Fufyora,  331. 
Fuliea,  586. 
Fuliyula,  582. 
Fuligutbur,  582. 

Functions,  specialisation  of,  17  et  sea. 
Fungidat,  153,  155. 
Funiculus  of  Polyzita,  360,  361. 
Funnel,  of  Ctenophora,  168 ;  of  Cephalo- 

p*tda,  402. 
Furculum,  556. 
Fusulina,  72. 
Fusus,  895. 

Gad-fly,  838. 

Gadidas  467. 

Galarjo,  72». 

Galeocerdo,  487. 

Gale.odes,  301,  306,  307. 

GaleopifhecidxK,  725. 

GaleopUhecus,  725,  726. 

Gale^tes,  628.  642. 

GaUthylax,  710. 

Galirffs,  703. 

Gall-flies,  341. 

Gallinaeei,  590,  591. 

Gallinof.  589. 

Gallinuke,  586. 

Gain  wasp,  527. 

GalluM,  590,  591. 

Gaily  worm,  813. 

Gammarutt,  287. 

Gampsonyx,  297. 

Gana^idar,  305. 

Gannet,  564, 581. 

Ganodus,  487. 

Ganoid  scales  of  Fishes,  443.  444,  470. 

Ganoidei,  characters  of,  470-472  ;  divisions 
of,  472-475 :  distribution  of,  in  time,  485. 

Garden-mites,  805. 

Gare-fowl,  579. 

Garrulina,  600. 

Gast^ropffda,  350,  851,  878 ;  general  char- 
acters of,  387;  foot  of,  S87;  odonto- 
phore  of,  88s  ;  circulatory  and  respi- 
ratory organs  of,  389 ;  einbr>'o  of,  891  : 
shell  of,  891 :  divisions  of,  3M-897 ;  distri- 
bution of,  in  space  and  in  time,  397, 398. 

Gastrobranehiu,  462 

Gastrt}chamidcB,  885,  886. 

Gastrula,  85.  112. 

Gavial,  534,  636. 

Gavialis,  536. 

Gecarcinus,  295. 

Gecko,  530. 

Geekotidof,  630. 

Geese,  582,  583. 

Gelasimus,  589. 

GtmitoreSt  590,  693. 

Gemmation,  coutinnons  and  discontinu- 
ous, 30-32 ;  internal,  83 ;  of  Fimtmini- 
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/era,  67,  f  8 ;  of  VerticfUa,  92 :  otHydra^ 
1U6:  of  medusiform  gonophores,  129;  of 
Naididee,  249 :  of  Errant  Annelides,  263 ; 
of  Polffzoa,  360  ;  of  Tunieata,  869. 
Oemmules  of  Spongilla,  83. 
Generation,  spontaneous,  41-45. 
Generations,  nltemation  of,  33:  of  8al> 

pians,  380. 
Genette,  7u5. 
Oef>eorisfP.,  332. 

Gfodia,  85. 

Geographical  distribution.  49. 

Geological  distribution.  51. 

Oeophiliui,  313. 

Chorifckug,  717. 

Cfephi/rfa,  241,  242. 

Qtrbdlutt,  716. 

Gtryfrnidre,  128,  136. 

Giant  Clam,  886. 

Giblwu,  734,  785. 

Giraffe,  681. 

Gizzard,  of  Insects,  321 ;  of  Birds,  56S. 

Glabella.  282 

Gladius  (Cuttle-flshei)),  407,  411. 

Olareola,  589. 

GlasH-rope,  83. 

Glass-shrimp,  289. 

GlajtR-KUake,  526. 

OUren  (see  Jlodentia). 

Globe-flMheH,  468. 

Glohicephahut,  660. 

Globigcrhia,  66,  651,  71. 

Globigerinida,  69. 

Glome ruiijp,  314. 

GloHSothenuhi,  651. 

Glow-worm.  345. 

Glutton,  703. 

Glyjitodon,  647,  C50,  651. 

Gltfptolepiji,  485. 

Gnat,  338. 

Goat,  684. 

Goatsucker,  603,  604. 

Gohiidtv,  46S. 

Go^lwit.  5.S8. 

Golden  eve,  582. 

Golden  Mole,  723. 

Gonnngium,  114,  ll(i. 

Goniatster,  11>3,  105,  211. 

Goniatiteg,  415,  419. 

Goniodinnm,  211. 

GoninphyUuvi,  165,  166. 

Gonoblastidia.  Ill,  115,  116. 

Gonocalyx,  striK'tui-e  of,  108. 

Gonophore«,  107  :  medusiform,  108,  1^9, 
110,  116,  117.  122,  124,  120, 127,  128, 129. 

Gonosome,  103. 

Gonothera,  114,  116. 

Gopher,  715. 

Gordictcea,  214  :  characters  of,  229. 

Gordiun,  229. 

Gorgnnido',  157;  charantprs  of,  160:  dis- 
tribution of.  in  Hpacf,  171 ;  m  time,  176. 

Gorilla,  733,  734,  735. 

Gouriiicf.  593. 

Grantlartut,  5X3. 

GrallntnrfK,  572 :  characters  of,  584,  585 ; 
fumilieH  of,  585-589  ;  distribution  of,  in 
tinje,  580. 

Granntttcrimm,  205. 

Grout ia,  80,  85. 

Grnphulan'a,  176. 


OraptolUidoft  chmracteni  of,  18d-lS8 ;  dii- 

tribuUon  of,  in  time,  141, 142. 
Grasshoppers,  338. 
Oravigrada,  650. 
Great  Ant-eater.  647. 
Great  Armadillo,  647. 
Grebe,  5S0. 
Green  Lizard,  527. 
Green  Turtle,  614. 
Greenland  Whale,  656. 
Oregarina.  56,  && 

Or^aritUda,  56-58 ;  reprodnctitm  of,  58. 
OrigUhiden,  297. 
Grison,  708. 
Gnmia^  64,  65. 
Gromida^  69. 
Grosbeak,  601. 
Ground-lieetltrs,  845. 
Ground-pigeons,  593. 
Grouse,  591. 

Growth,  5  :  correUtion  uf.  22. 
OruidcB,  888. 
Gru^,  586. 
GryUidcB,  586. 
Guard  of  Belemnite,  412. 
Guillemot,  578.  579. 
Guinea-fowl,  590,  591. 
Guinea-pig,  718. 
Guinea-worm,  232. 
Gull,  580. 
GnUt,  7«  3. 
Gurnard,  468. 
Guynia,  164,  171. 
Gyinnoblastic  Ilydroids,  106,  107. 
Ggmnoehroa,  104. 
GumiiodnntidaK,  468. 
Gi/ninolcffinata,  Srtl. 
Gymnojthiona,  493. 
Gifmnophthalmata  {M€dn9idar\  109.  Itlt. 

126.  136. 
Gywnostnnata^  399. 
Gyinnotug,  465,  466. 
Gjfinnura,  725. 
Gynophores,  124. 
Gypai'tog,  607. 
Gypofferanidtn,  606,  6(8. 
Gpitogeranv*^  608. 
Gypgornig,  579. 
Gyracanthiu,  4S<;. 
Gynnid(r.  345. 
Gyrocrrag,  416. 

Haddock,  467. 
Hatnatocrna,  440. 
Uannatoptm,  588. 
Jlfpmatothenna,  440. 
Ucfiiutpgi*,  247. 
Hag-flshea,  459,  460.  461.  462. 
Haimeia^  156. 
Hair-wonns,  229. 
Halcyomijf,  005. 
Halibut.  467. 
Ifaliehondria,  82,  8.*». 
Halieore.  652,  653,  654. 
Halu>unitii^  74. 
naliotidff,  894. 
Uali*ar«a^  81. 
Ilalitherium,  620.  652,  654. 
Haltert-s,  319,  337. 
llalystitegf  156. 
UamiUif,  418,  419. 
Hamster,  715. 


Uapatt.  r  JO. 
lInpnlMv.  730. 
HaplofibyUia.  IH,  i: 
Hirai,  II:!,  713. 
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onaiphara.  Hi). 


*,  ew. 


IJonitt.  3f2. 

Boflu^hoe  CnlH,  U33, 

Ho*Ung  ilaakiT,  Tit. 
HaumlAg-blrdi,  000,  tat 
Batnu-bukid  Wlul«,  SM 

HoDllni-dOK.  TO?. 

llifhotltu,  ITA 

Hydatid!.  ^JD,  331, 

Ilfdatiiia,  ssa. 

Ayrfro.  ai,  sa,  too,  mi ;  lUnctun  of,  IM, 


16,  710. 


HMtTBphagi.  HS. 

IlMtropoda.  ^i,  3£ 
■hslfof,  Or. ;  dlT 


ai^rachmdit,  SOS, 


SfsaprDloiIan.  DM. 
JTmrttra,  Nfl. 

Rippariott^  tQ9.  ATD. 
IlmmbiiKiaiii,  UE. 

tllpplM[v[ilu  Pnlgtoa,  »if.  < 
Uippepotmnida,  0TI1, 171,  dS 

^jpiKinutniu.  «Ti.  esa. 

Htjtpwitiilir.  3S5,  3«A, 

stfi-v«a. 

ninuuUaldit,  KS. 
e-'^aatiAali.  4T7,  «T. 
HoU^ilU,  IM.  176. 

BulaptydiiiH.  IK. 
tTob^lu,  901,  9U9, 
HolotloHMta  IGatttmpodai^ . 

llalaatvruidia,  1S9,  1S3 


in  Polgloa,  3M,  Sib. 


Hydn^hTllin.'l 
l{ydrapaU4.  87U 


Hflo.  t«0.  MS. 

OylabaUt.  7M. 
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Hylndes,  480.  501. 

H  yimnocariit,  297. 

Hymenoptera,  323,  327,  340. 

Hyocrinus,  2u2. 

Hyoid  arch  (Fishes),  447,  448. 

Hyperodapedon,  632. 

IlyperoodoHy  661. 

Hypochthon,  495. 

Ilyponoine,  204. 

Hypostome  of  Trilobitea,  281. 

Ilypsipryinnvt,  636,  637. 

Ilyracoidea,  general  characters  of,  691. 

Hyrax,  616,  691,  692. 

HytttricidfT,  713,  717. 

llystrix,  713. 

Ibia,  587. 

IchDeumon,  705. 

IchneumonidfE,  341. 

lehthyodorulites,  466,  477,  486. 

Ichthyomorpha,  495. 

lehihyophthira,  267,  209. 

Jehthyopsida,  441. 

IchthyopUjygia,  610;  characters  of,  537. 

IchthyomU,  549.  610,  611. 

Ichthyogauria,  537. 

Ickthyoifaurtut,  538,  639. 

Ictittierium,  710. 

Idothea,  289. 

/(lym,  170. 

Iguana.  624.  528,  529. 

Iguanidcp,  628. 

fnuanofhn,  545. 

Jujanthidce,  147. 

liyanihus.  148,  171. 

Imago,  324,  326. 

hnper/orata  (Foratninifera),  64.  6l>. 

I inplacmtalia  (MainuMh'a),  628. 

Iiuirticiilata  (Brachwpoda),  375,  376. 

IiuHcator,  596. 

Intlivuhmlity,  general  definition  of,  32. 

Jnfusuria,  spontaneous  generation  of,  42, 
44  ;  characters  of.  87 ;  divisions  of.  88  ; 
Ciliated,  t'>.;  Siutorial.  92  ;  Flagellate, 
93;  compared  with  lioti/era,  237. 

//uVx,  660. 

Inopcrcnlafa.  ?.07. 

Inorganic  and  organic  matter,  differences 

between.  2-4. 
Jnaccta,  259  :  general  char.icters  of,  316 
ef  se.q.  ;  organs  of  the  njouth  of,  319 ; 
wings  of,  318  ;  digestive  system  of,  321 ; 
trachea;  f»f,  H23:  circulation  of,  322;  me- 
tunorphoses  of,  824 ;  parthenogenesis 
of.  36  et  seff. ;  sexes  of,  326 ;  orders  of, 
327  et  nfq.  ;  distribution  of,  in  time,  327. 

Inn^cttvora,  722  ;   general  characters  of, 
ift. ;   faniilips  of.   722-736:   distribution 
of,  in  time,  72fi :    Bat.s),  719. 
/fisessores,  572 ;  characters  of,   698 ;  sec- 
tions of,  5<.>9. 
Intefjro-paltialM,  383,  385. 
fni/tw,  732. 
Invertebrafa,  general  characters  of,  425, 

426. 
Irish  Elk,  680. 

Irregular  Echinoids,  188,  190. 
IfiehwdtiH,  477,  487. 
Jsis,  150,  160.  176. 

lKvpoila,'2i}H,  2S0  ;  characters  of,  287  :  de- 
velopment of,  289 ;  distribution  of,  in 


Itch-mite,  S04,  305. 
JtUida,  318. 
lultM,  2t,  313,  314. 
Jxodet^  306. 
Ixodidce,  305. 

Jacana,  586. 

Jackals,  706,  707. 

Jaguar,  709. 

Jelly-fishes,  101 ;   nrticating   powers  of, 

126 ;  nature  of,  127  ;  former  cUsaiflca- 

tion  of.  125. 
Jerboa,  716. 
Jampiug-hare,  716. 
Jumping-moose,  716. 

Kakapo,  596. 

Kangaroo,  633,  636,  637,  64S. 

Kangaroo-bear,  738. 

Kangaroo-rat,  686,  687,  642. 

Keratode,  78. 

Ktratosa  (SpongesX  82,  $5. 

Keyhole  Limpets,  394. 

King-crabs,  283.  284,  285. 

Kingfishers,  603,  604. 

King  Vulture.  608. 

Kinkajon,  702. 

Kiwi,  674. 

Koala,  638. 

KoUoptt,  228. 

Koodoo,  683. 

Labium,  of  Lobster.  266;  of  Arachnida, 
800 ;  of  JJtfriapHJa,  313  ;  of  Itit^cta, 
319. 

L;ibrum.  of  Lobster,  266;   of  Trilobites, 
281 ;  of  Scorpion.  300  ;  of  lusecta,  31*. 
Lnhyrinthodtm,  503.  '»04. 

Lahifrmthodonfifi,  492,  502,  503,  504- 

Lncrrta,  527. 

Lnccrtidff,  627. 

Lacvrtiba,  510  :  gener.il  ch.-iraet«T5  of, 
523  ;  faniilies  of,  525-532  ;  distribution 
of,  in  time,  532. 

Lady-birds,  845. 

LiTmodipnda,  268  ;  clmraoters  of.  250. 

Lnge.iui,  67. 

l.ayenida^  69. 

Lagidium,  714. 

La^owydcF,  713,  717. 

Lagomytt,  713. 

Lagopus,  591. 

LngoMoinujt,  714. 

Lamellibranchtata .  349.  .^50.  S.'il  :  general 
characters  of,  37s  ;  shells  of,  S79  ;  diges- 
tive system  of,  382  ;  circulatory  srstem 
of.  882  ;  mantle  of,  381  :  branchwp  of, 
382 ;  reproduction  of,  SS4  ;  muscles  of. 
ib.  ;  habits  of,  385  ;  di\*isioos  of,  SV', 
386  ;  distribution  of.  in  lime,  ib. 

Lamellicorn  Beetles,  345. 

iMmellirotitrtft,  5S1. 

Lammergeyer,  607. 

Lamprey,  454,  459,  460,  4C1,  462. 

Lamp-shells,  37o. 

LampyrU,  346. 

Lanceiet.  444.  452,  454,  457 ;  anatomv  of, 
458.  459. 

Land-crabs,  295. 

Land-tortoisea.  514. 

Land -salamanders,  497,  49S. 

Laniidte,  602. 


/dinrnu.  MS. 

r.vk,  SttD. 

L»r*«,  of  KeAfaodfrwiM,  IS  J,  183;  ol 
EAinnidia,  IHI;  or  ArtrmSdea,  1M. 
IPS ;  or  uphiunUea.  laT :  or  Criimldia, 
IW,  SOS;  of  //alMAnroMM.  XCT;  of 
TVcnfOcrn,  tlT-lK ;  of  Tnaati^,  £13  i 
or  .VonvrtMo,  lU ;  of  ^flioMMviiAiifa. 
SJD;  or  Gardlatta,  ih.:  of  StnAyna, 
» J ;  or  TuftHToIn,  SM ;  of  JKrnmlia. 
fjl;  lit  leMhjp^iini.  3«l):  of  Mfiiv 
(VpAnln,  171:  or  CirrintAia.  Hi:  at 
Utlrafiibi,  !7Ti 

"'-■ m-.otPiaU 

~  -85;   or  atari ,    

BrrHAjyum,  2H:  of  Jrvrfnngda,  ait;  or 
Iiatela,  321,  SIS ;  of  Pofyp^.  SHI ;  or 
T^Hni'ca'a,  300-3'^;  of  Rraehiopoda, 
37S ;  or  Lanvtllibranehiala,  3S4  ;  oT 
Qatt€fopodjit  V)l ;  of  ArDptalblanA,  430- 


Lingiut  Ribbon  » 
£'llinniruliiw.  3iK 

Lifi^if'rdtv.  377' 


l,1thocyili 


at     Lilhtrnit,  Ki. 


r,aarillnrdia'.mi.~~ 
Li'atticrj'  TuRle.  914. 


■1  A|m.  733. 


norpbnlogr  of.  Hi  if  ttq. ;  gSD- 


(.ODpatd.  708. 

LejMdidim,  207.  S7I.  S7ll:  channtirt  of, 

J74  ;  (llatributlnD  'if.  in  time,  397. 
Lepat,  171.  ITS.  »4. 
£ipr<IraUatM,  in.  £!£ 
/■fpidogaitoiM,  4T3,  4S9. 
LfjiMi^iu-iilai,  472. 
LepidmltTa,  SIP.  3!3,  320,  337 ;  mouth 

of.  IN;  ohum<:tcn  of.  333, 
Lrpidotinit.  404,  4,1«.  473.  431.  4S1,  433; 

clunuitcn  oT,  4S1, 431. 
Ltpidiitttidgr,  471. 
'—'-■— •■4.409,4—    •-"    ■— 


Coralii,  IJS. 
£octl«f£dffi.  333, 
LuFUKt-sbrlniD, 
r«KBerbfid  Tut 
io(S».41(»,41l 


Ltpiibtta  'KB  Difiuii}. 

Lrpijniutt  333. 

Lepnri*tfp.  712,  717, 

LtptiiUt,  SM. 

Lep(o«onfia(«M  J**ar!nnp*mmftii). 

Lfptnffluiwf,  S25. 


lopAobraiuhif,  46S. 
£4|»Aa}va.  301, 
I»phophnre.  3S3,  3dn. 
If0phop4iliaeut,  iH'7. 
LophopvM,  3S7.  3S9. 
LopAorlpz.  SRL 
L^fhalngtUt  ATP. 
/fC^^rnpoif'F,  13S.  2T 


lamUula.  313. 
LibelluHdit,  334. 
£MwnhiAnia,  73. 


LoxHKla.  0D1. 
LnsMnna,  301. 
Luccniaria,  130. 13 
i^if^TTUirfadai,  130. 
LuHnviTida.  3S.  lU 
of.  I»:  umbnllii 


Lvmbriiidit,  147, 


o^  of,  133, 1S3 ;  ttrue- 
e  uxild*  of,  134,  l»i. 


LfmniHda,  SBT. 
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Lfineu*^  709. 
Lynx,  709. 

Macacos,  732. 

Macaw.  59tf. 

MaeelUxlon^  533. 

Machairodwtt  710,  711. 

Maehfies,  698. 

Mackerol,  4G8. 

Mnclurea,  398. 

Mctcrattchenia,  6^. 

Macrobiotidcft  304. 

Maerodaet^U^  585. 

MacropwlidtFf  630,  643. 

Mncr(/pu9,  635. 

Macrogcflidce,  725. 

Macratieelidetf,  725. 

MaerospondyliM,  537. 

Macrotherium,  649. 

3fatrura,  268 ;  characters  of,  290  et  fff^. 

Mactridtr,  385,  38«. 

Madreporidfe,  156. 

Mailreporiforiu  tubercle,  of  Eehinoidea, 
186;  of  ^«e«roui«a,  192;  of  OpAiuroi- 
ctea,  196 ;  of  Hohthuroideat  808. 

3//iia,  294. 

Malncodermata  {Zoantharia\  145, 171. 

Ma'acitpteriy  465. 

Matacifjftenjgii,  457,  4«5C. 

MalacoMtraea,  2«8,  2SC. 

Malapteruriuf,  466. 

Mallard,  582. 

MalUtphaga,  329. 

MalpiKhian  tubes,  of  Insects.  321,  322. 

Mamtnalia,  4;{9.  440,  441 ;  general  charac- 
ters of,  614  ;  osteology of,615«<*«?7. ;  teeth 
of,  622  ♦•?  #e7. ;  digestive  system  of,  624  ; 
circulatory  system  of,  i<».  ;  respiratory 
system  of,  ib  ;  nervous  system  of,  62»3 ; 
reproductive  system  of,  625;  integu- 
mentary system  of,  626;  primary  divi- 
sions of,  628  ;  urdcrs  of,  630  et  seq. ;  dis- 
tributi«»n  of,  in  time,  627  et  seq. 

Mammoth,  69(5,  697. 

Manatee.  615.  652,  653. 

Manatidce,  658. 

MaiMtUH,  615,  652,  653,  654. 

Mandibles, of  Lobster,  266;  of  Arachnida^ 
300, 301 ;  of  MifriaptMia,  313 ;  of  J  nttecta, 
319 ;  of  Cfpha'lopiKla,  403,  414 ;  of  Verte- 
brates. 432. 

Mandrill,  73:^. 

Manguc,  705. 

Manidie,  MS.  649 

Mani^i,  622,  626,  644,  C15,  649. 

Mantui,  333. 

Mantle,  of  Tun  icaf  a,  364  ;  of  Brae  hiopoda, 
372 ;  of  Lamellibranchiata,  381 ;  of  Gaa- 
terojMtda,  387  ;  of  Cephalopoda,  401 ;  of 
SanfUwi,  414. 

Manubrium,  lo8,  109,  110,  117,  127,  134. 

Marabout,  588. 

Mareca,  682. 

Marginal  bodies,  of  Meditgoe,  127,  130 ;  of 
Lueernarida,  13U. 

Marmoset,  730. 

Marmot,  717. 

Marsipobraiichii,  general  characters  of, 
459  ;  families  of,  462  ;  distribution  of,  in 
time,  485. 

Marsupial  bones,  620,  630. 

Jfarsupialii,  620,  021,  625,  626,  627,  628, 


929 ;  general  characten  of,  CSS ;  fiuoi* 
lies  o^  634  €t  teq. ;  diatrfbatitni  of,  in 
apace,  033 ;  in  time,  640  et  teq. 

MarettpiUe,  211. 

Martens,  704. 

Martina,  603. 

Mastax,  234. 

Maetodon,  092.  695.  606. 

Haxilltt,  of  Lobttter,  266;  of  AretOaMe, 
300  ;  of  Ineecta,  319,  320. 

MaxiUipedes,  of  Lobeter,  M6 ;  of  Centi- 
pedes, 813. 

May-flies.  334. 

Miuonia,  310. 

Meandrina,  155. 

Measles,  of  Pig,  220 ;  of  Ox,  ib. 

Medueidce,  125  ;  stracture  of,  120,  127; 
exact  nature  of,  127,  128. 

Megaeerops,  667. 

Megaeeroe^  680. 

Megacheiroptera,  721. 

Megadenna^  720,  721. 

Megalonyx,  650. 

MegtUotaunu,  545. 

Megalatroeha,  234. 

Megapodid43t,  592. 

MegapUra^  658. 

Megatherium,  650. 

Melania^  398. 

MelaniadiB,  391.  39S. 

Meleagrirur,  591. 

3leU<igrU,  597,  594. 

Me  Us,  703. 

Melicerta,  2.33,  235,  236. 

Metidm,  703. 

Meliphagidir,  602. 

Mellivora,  703. 

Melolontha,  344. 

MeloniUn,  191.212. 

MelurniLH,  702. 

Membrana  nit>titan8  (of  Birds),  560 :  (of 
Mammals),  567.  626. 

MenobratwhuM.  492.  495. 

Metwpnma,  495,  497,  504. 

Mentum,  319. 

Mephiti*,  704. 

Merguhuff  579. 

Merioiies,  716. 

Meropidce,  604. 

Mrromtomafa,  262,  26S ;  characters  and 
divinions  of,  283. 

MeruUd(V.  602. 

Mesenteries  (of  Artitwzoa\  99,  142.  143, 
145,  147,  152.  156,  166,  169. 

MeMhippus,  670. 

Megoplodon,  661. 

Mesopodium,  387,  396. 

Mcaothorax,  317. 

Metamorphosis,  40  ;*  of  Mtfrutpntla,  SI  '■ ; 
of  Ingeeta,  324 ;  incomplete,  324 ;  com- 
plete, 825. 

Metapodium,  387,  388,  396,  399. 

Metasoma,  401. 

Metastoma,  of  Lobster,  260 ;  of  Eurup*er- 
ida,  285. 

Metathorax,  817. 

Metrutjihylluuiy  166,  175. 

Mice,  717. 

Mierocheiroptera,  719. 

Mieroconekfte,  255. 

Mierogrmnia^  68. 
Microlestes,  627,  641. 
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Mnak-ox.  ^b. 

.V"9ophayid'r.  51 
Miiaul,  Kt.  3S5. 
Mmtela.  71)4, 


j/.AiB/nl  sea'.  SI 


Mueltria.  S9». 

1  nf,  M»-      Jfjnfom.  7M. 

iry  ui^ui  MiiUiibatii,  4S0. 
11 ;  *eniie-  Mjfloilan,  «M. 
1   of,  ft.;      JfynrfM.  71S. 


0,  SS8  i  g*iie«l  chiractf 


MvrtiuUaatSlm,  3$1, 
JlyrMiea.  34S. 


Jftmomntu 


SaidiSa,  US.  249. 
.VUM.  «4B. 
.V^o.  Bid,  BSD,  BSl. 
Nsrwliii^  AW.  MO. 

boilllf*  or.  ATS-Wa  1  dt 

tlFne.tS3,  fiU. 
.Vali«it>l^  B«4. 
:?ti.ttinl  aelri^tlaii,  46. 
NuplLiu,  370. 
JV(iuHI(<te,4IS,418,4in. 
Niiiltlold  >onimimJ,ra. 
NiutUai  (Purly),  401,  4 


0,418. 


S«(nr>rilyc«B',  120;  (trnnnr*  nf.  Ill;  in 
CalncaiAnriAm.m;  \aMfdniadif,\'iSi 


imilivalVB  ih«t1>,  K 
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Nematoda,  214,  215;  characters  ot  220; 

panuiitic  fonns  of,  230-232;  free  forms 

of,  232. 
Nematophores,  116, 117. 
Netnerten,  226. 
Memertida,  215,  224:  characters  of,  225; 

development  of,  22U. 
KeoUmuliu,  297. 
Xettphronf  607. 
Hepa,  331,  332. 
Nephthyg^  255. 
Hereidte,  264. 
XereidfOt  251. 
nereis,  263.  2.>l. 
yeritida,  394,  39S. 
Ner\'iire«,  318. 
N(Mdon,  691. 
Negtor,  597. 

Nearopodium,  243,  252. 
Neuroptera,  333.  334. 
Newts,  497,  498. 
Nidamental  ribb<>n,  :i5l. 
Night  Heron,  587. 
NoetilionidiF,  719,  720. 
yoetiluea,  94. 
NodMtaria,  66,  «S. 
Nonionina,  65. 
Nothonaurru^  540. 
Notidamut,  487. 
Notr>chord,  428. 
Notommatina,  336. 
Notomcta,  332. 
Notopodium.  243,  2.V2. 
NotornU,  586. 
Nototrema,  491. 

Kxuih.obraHchiata  (see  Hefcrojioda). 
Nucleolus  of  Para imrci lint,  90. 
Nucleus,  of  PmtozDa,  r>:. ;  of  (rreyarina, 

56 ;  of  vl  )»a>6n ,  61 ;  <  »r  I-nfuMria,  88,  89 ; 

of  Vortic^lla,  91  :  of  the  shell  of  Jf"/- 

lujtca.  352. 
XwUbranchiata,  389 ;  characters  of,  395, 

396. 
Numeniua.  688. 
yumida,  591. 
yuinmHlitfn,  68,  72.  73. 
Numinulitic  limestone.  73. 
yummiilitidea,  70. 
yuthfUit,  533. 
yycteridv,  720. 
yijcteria,  720. 
yyctirehidcr,  728. 
yucticebxut,  729. 
yi/cticorax,  587. 
Xitrtipithfcim,  731. 
Nymph,  324. 
yitnij/hon,  303, 

Oceanic  Hydrozoa,  110.  120:  divisions  of, 
120  ^f  w«. ;  diHtriluition  of,  in  s])ace,  141, 

Oce.lli,  of  iff  </kx-»",  127:  of  Kchinoidi'a, 
18«>;  o{  Anternidea,  173:  ot  Planar ida, 
225  ;  of  Rotifera,  236 :  of  ^  nndida,  244 : 
of  Cha'tognatha.  257  :  of  Lhnulvft^  283  ; 
of  Arachnida.  302  :  of  .Vpria/tofta,  312  : 
of  Innefta,  liT.i :  oT  Tunicata,  366  ;  of 
Laineltibrancfiiata,  383 ;  of  Gastero- 
poda. 3S8. 

Octixhm,  714. 

Ortftdontida:  714,  717. 

(MojHHia,  409. 

Offopodido*,  V\9,  \\Q. 


Oeecmw,  405,  40«,  417. 

OetMtmiiar,  155. 

Oeyn^KMiMct,  589. 

Oeupoda,  295. 

Ooonf mpw,  487. 

OdontoeeH,  655,  658,  6«1. 

Odontolea,  609. 

Odoniophora,  378,  S87. 

Odontophore,  388,  889.  394.  399.  4C3. 

OdofUopUryx,  560,  583.  584. 

<KiontofmeA««.  560^  571,  609. 

OdonMomuB,  611. 

(TMicnemiM,  588. 

CEdipoda,  333. 

Oidemut,  582. 

OldKamia,  141.  362. 

(Higoehata^  247,  248,  249. 

O/^twofitf.  191,  Sl2. 

Omntvora  (ITnjniia/aX  ^1> 

OnapAj^nM.  166. 

Omwer,  669. 

OneAvfUi,  269. 

OneAtui,486. 

Onewiimte.  897. 398. 

C>ii«tnobi5i<l0P,  S09. 

Onisnit,  288. 

Ontogenesis,  86. 

OnjM^MpAotti,  313,  314.  316. 

Onyekofeuthis,  402,  417. 

Oocyst,  358. 

Oixtrcrdata,  397,  398. 

Operculum,  of  Balanid<r.27A  :  otOcffer^ 

poda,  388  ;  of  Fishes,  446. 
Ophiderpeton,  503. 
(^Ai^ia,  510 :  general  ch.iracter*  of.  SI** 

ef  i^Y. ;  divisit^nii  of,  520 ;  distributi'.* 

of.  in  time,  522. 
0;'A  idtdtatrach  ia ,  4(*3. 
Ophiocnma,  197,  212. 
Ophiodenna,  212. 
Ophiolepia,  212. 
Ophiomorpha^  493. 
Ophisaurus.  626. 
(^Aiuni.  197. 
Ophiuridir,  197. 
Ophiumideat  183,  195  :  general  cliarart<?is 

of,  iZ». ;  families  of,  197  ;  distribution  »•:. 

in  space,  210  :  in  time.  212. 
Opisthobranehiata,  393.  394.  395. 
OpisthiHuxlia  {CrocfxiiliaX  536,  6S7. 
Oi-Missum,  68S,  639. 
Opossum-shrimp,  2^. 
Orang-outang.  734,  735. 
Orbitoidrft,  73. 
Orbitohtc»,  68. 
Orbitulitidea.  69. 
Orcella,  660. 
Oreatftcr,  211. 
OreagtridfF,  195. 
Oreodon,  6S»>. 

Organ  of  Bojanns,  374,  S8:J. 
Organ-pipe  Corals,  157. 
Organic  and  inor^guuic  matter,  differenof" 

between,  2-4. 
Organs  f»f  th«*  mouth  of  Insects.  319  et  $^-i 
Oribatider,  305. 
Oriole,  602. 

Ornithitdelphia,  629,  630. 
Ornithorhynchvs,  622,  626.  629.  630,  631. 

632. 
Ornithosauria,  641,  643. 
Orohippus,  669,  670.  686. 
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Orthoeeroi,  416,  419. 

OrthoceraUuUr,  418. 

Orthoptera,  319.327,  332. 

Ortonia,  255. 

Orl,vx,  591. 

Oryetenypidae,  649. 

Oryeterojma.  645,  649. 

0»(:uU,  of  8p<)Dges,  78,  80 ;  of  Tapewonn, 

219. 
OsteoUpu,  471,  485. 
Ostraewntidir,  468. 
Oitracoiia^  26S;  characters  of,  277;  cUs- 

tribution  of,  in  time,  297. 
Ottraeontei,  473,  474.  485. 
Oiftrea,  385. 
Ostreidff,  385. 
Ostrich,  551,  555,  556.  558,  55i>,  560,  664, 

672,  573. 
Ontrich  (American),  574. 
Otariada',  699,  700. 
OticUe,  588. 
Otter,  704. 
Oudenodon,  541. 
Oance,  709. 

Ovarian  venicles  of  Sertularida,  115,  116. 
Oviboi,  685. 
Ovicella  {Polyzoa\  358. 
OvUJUg,  682,  683,  687. 
Ovip«mitor,  319,  340,  341. 
Oois,  684. 
OvulUidea,  69. 
Owla,  605,  606. 
Oxen,  684. 
Oxyuri»,  230,  231. 

Paca,  713. 
Pciehycardia,  457. 
Petchydertnata,  ^62. 
Pachyglotta,  525. 
Paddle-fliih,  473. 
Poffuridce,  293. 
pMuniM,  293. 
Pai/ra$fer,  211. 
Pal/Eehinu9,  191. 
PaUeiehthyes,  484. 
Palaoccuttor,  718. 
Pakeoeorynt,  141. 
PaUeocrinoidH,  2U4. 
PaUrodi*eu«,  211. 
PaUvoffithalwi,  604. 
PaltBimyetU,  710. 
Pakrophiit,  522,  623. 
PmUeartyx,  594. 
PaUgotiren,  504. 
PaliKotheridtr,  667,  680. 
Palaotherium^  668. 
PalfFotringa,  689. 
Palamedea,  586, 
PtUapteryx^  675. 
Pallial  line,  381,  SS3,385. 
Pallial  8inus.  383. 
Pulliobranehiata,  870. 
Pallium (se^.  Mantle. 
Palmipedetty  b77. 
Paludir^Ua,  359. 
Paludina,  398. 
Paludinidfr,  394,  398. 
Palythoa,  149. 
Painphagui,  64. 
Panda,  703. 
Pangolin,  648. 
Panarpida,  334. 


Pananerreiy,  43. 

Panther,  709. 

Pan^opoda,  802. 

Paper  Naatila8(«e«  Argonaut). 

Papto,  733. 

Paradiaeidcf^  600. 

Paradoxunu,  705. 

ParanuBcium,  88 ;  stmctare  of,  89,  90 ; 

reproduction  of,  t&. 
Paramuricfa^  165. 
Parapodia,  243. 
Paridce,  602. 
Parkeria,  72. 
Parra,  586. 
Parrakeeta,  596. 
ParroU,  556,  5(W>,  661,  595,  596. 
Parthenogeneais,  36  rt  ne^. 
Partridge.  691. 
Piuceoitu,  370. 

P(U9*T€t,  698. 

Patella,  891. 

PaUllida,  394. 

Pauropoda,  313,  314. 

Pauropu»,  311,  312,  314. 

Paw,  591. 

Pavotuiria,  169. 

PavoniruEf  691. 

Peachia,  146,  148,  170. 

Pea-fowl.  591. 

Pear-encrinites,  201. 

Pearl-musKels,  385. 

Pearly  Nautiliifi.  400,  401,  402.  403,  408  : 
anatomy  of,  413 ;  distribution  in  B]>ace, 
418. 

Peccary.  678. 

PeeUn,  385. 

Ptctinaria,  250,  251. 

PeetuneuluM,  379. 

Pedalion,  236. 

PedeUa,  716. 

Pedicellariie,  186,  191. 

PeiliceUina,  359,  .%1. 

PediculuM,  328,  329. 

Pedipalpi,  307. 

Pelagia,  131. 

Ptlagida,  130,  131,  18S :  atructure  of 
generative  zot^ds  of,  134. 

PelagoneinertidcB,  227. 

P«/uM,  617,  520,  523. 

Pelican,  564,  681. 

Pelicanidcr,  581. 

Peltmaia,  352.  370. 

Peltogatter,  290. 

Pen  of  Cuttle-nHhea,  407,  411. 

Perueus,  292. 

Peneroplidea^  69. 

Penguin,  552,  553,  664,  678,  579. 

Penumliu,  269. 

PenruUula,  158.  159. 

PennatuUdtr,  157,  158, 159, 160,  171 ;  dis- 
tribution of,  iu  time,  176. 

Pentacrinus,  201,  202,  209,  211. 

Pentamera  {Colroptera),  346. 

Pentameridtr,  376. 

Pentastoma,  803. 

PfntoMtomida,  303. 

PentaUmta.  832. 

Pentremites,  2(>5,  206,  211. 

PerameUn,  637 

Peramelitke,  639. 

PerarMma.  88.  9:{. 

P^notArrttim,  642. 
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Perea,  445,  451,  464. 

Percb,  464.  46S. 

Perchers,  598. 

Pereida,  468. 

Perdictdce,  691. 

Perdix,  591. 

Perennibranchiata  (Amphibia\  490,  491, 

495.  497. 
Perforata (Fmramin {fera), 64, 69 :  (Ck>ra]8X 

155, 175. 
Pericardium,  of  Crustacea,  267 ;  of  Nauti- 

liut,  414. 
Peridinium,  95. 

Perigastric  space  of  Polj/zoa,  359. 
Perlostracuni,  352. 
PeripattM,  313,  814.  815. 
Permehoechinidcet  190,  191. 
PerUmtdaetyla,  663. 
Peristome,  of  Vorticella,  91 ;  of  the  shell 

of  Oasteropoda,  393. 
Peristomial  space  of  Actinia,  146. 
Peritoneum  (Tunicata),  3W. 
Perivisceral  space  of  Actinuzo<i,  99, 143. 
Periwinkle,  894. 
Perlidce,  334. 
Pema.  883. 
Perodicticm,  729. 
Peromela,  498. 
Petalodut,  486. 
Petaur\ut,  638. 
Petnuter,  211. 
Petrel,  580. 
Petrogale,  637. 
Petromyzont  400.  462. 
Petrnmyzonidm,  459,  4(52. 
Pezophaps,  594. 
Pezopornur,  596. 
PhacochfpruM,  673. 
PhcenicopteridoB,  583. 
Phcenicffptenis,  583. 
Phaeton,  581. 
Phalacrocorax,  581. 
Phakena,  325. 
PhnlnDgyra,  638. 
Phalangid<K,  305. 
Phalatxgigta,  638. 
Phalangislidof,  638. 
Phalangixtm,  306. 
Phalanittfriuin,  87,  94. 
Phanofjenia,  203 
Phari/ngobranchii,  457,  4S5. 
Pharyngagnathi,  408. 
Pharynx,  of  Asfidians,  304,  305,  3CS  :  of 

Lancelet,  457,  458. 
PhatcnlarctoH,  636,  038. 
Pha¥Colomy»,  0.S4,  635. 
Pha^tcoltjjtonm ,  242. 
Phawolotherium,  027,  041,  642. 
PhajtianklOR,  591. 
Pha^ianxift,  591. 
PhasmidtF,  333. 
Pheasant,  591. 
Pheronema,  83,  85. 
Phillipsia.  207. 
/*Aoca,  099,  700. 
Phoc(fna,  660. 
Phocidfp.  700. 
Pholadidof,  .H52,  3S5,  386. 
J'hnlaa,  378,  385,  3S0. 
PhonnoMonta,  190,  212. 
Phuronis,  251. 
Phosphoresot-nce  of  the  sea,  94. 


PhragmacoDe,  862 ;  of  ^jptrula,  411 :  of 
Belemnite,  412. 

Phryganeidct,  834. 

Phrynut,  808. 

PhylaetokBmata,  361. 

Phyllididat,  895. 

PhyUirrhoida,  895. 

PhyUium,  22. 

Phyllocyst,  121. 

PhyUow)da,  268 :  cbancten  of,  280,  :£] ; 
distribution  of,  in  time,  297. 

Phyllottoma.  721. 

PhyllostonUdee,  T19,  T20,  722. 

Phyogemmarix,  125. 

PAyMw  398. 

Phymtia,  101, 120,  123, 124,  126. 

Physaltu,  658L 

PhyKier,  «58,  659. 

Phyaeterido!,  658. 

Physiology,  16. 

Physophora,  135. 

PhytophoridtB,  120;  characters  of,  123  ^t 
Sf9. ;  tentacles  of,  123 :  reprodoction  oC 
124;  distribution  of,  in  space,  141. 

Phyaortomata,  465. 

Pieidce,  695,  590. 

Piddock,  380. 

/*ieru.  839. 

Pigeons,  590,  593. 

Pignieiit-spot,  of  /y^«>ri((,  93 ;  of  JBtrfi- 
/«ra,  236. 

PikHS,  713. 

Pike,  466. 

rHiditnn,  225,  226. 

Pill-millipede,  314. 

Ptnrki,  3!i5. 

Pinnigmda.  698.  609. 

PinnipedUi,  09S.  Ol»y. 

Pintail  Duck,  582. 

/»i>a,  491,  499,  5U1. 

Pil»e-flHh,  409. 

PipuliB,  469,  601. 

PipLstrelle,  719. 

Pipits,  602. 

Pirimcla,  295. 

PisccH,  439;  general  charaotert  of,  443; 
scales  oC  tfr.  ;  skeleton  uf.  444  ft  ^v- ; 
limbs  of,  448 ;  tail  of,  4dl :  rH»pira- 
tory  system  of,  453;  heart  of,  »i.;  di- 
gestive system  of.  454 ;  swim-bhiddtfr of, 
455  ;  nervous  system  of,  4^'.6 ;  reproduc- 
tive system  of,  i7i. ;  orders  of,  457  et 
»€q.;  distribution  of,  in  time,  484  et  sea. 

Pifheeia,  731. 

Piiheciidof,  731. 

Placenta,  628. 

Placentalia  (Mammotia\  628. 

Placodu*,  540. 

Plaeoganoidei,  472,  473.  485. 

Plftcoid  scales  of  fishes,  443,  414,  475. 

Placoidei,  443,  475. 

Plagiaulnx,  628,  042. 

PUigiostomi,  477,  478,  486. 

Planar ia,  225. 

Planahda,  224,  22,'),  237. 

Planorbig,  391,  3i«8. 

Piantaiii-cators,  59S. 

Plantigrada,  698,  7o0. 

Plant-lice,  331. 

Plant**  and  animals,  differences  l?ttit«n, 
11-26. 

Planula,  111. 
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Plcmmopora,  103. 

PlastroD,  611,  512. 

PlataUa,  58S. 

PUUaleacUe,  683. 

PUttanusta,  000. 

Platycrinug,  201.  " 

Platffelmia,  214  ;  characters  of,  216. 

PlatyrhhM,  727,  73u,  730. 

PUtcotus,  719. 

FUefjitgnathU  -WW. 

Plrctroptfrus,  554. 

Pletiogauria,  539. 

PUgvtsaurwt,  539,  640. 

Pleura,  of  Tjobster.  262;  of  Triloblte,  283. 

PUuraeatUhits,  486, 487. 

PleurobrachiOf  167;  ctenophores  r)f,  »?'.  ; 

canal-8y8teni  of.  168 ;  development  of, 

169 ;  homologies  of.  t^. 
PleurobniuchidoRy  395. 
PifuroructtdiE,  467,  480. 
P^euronema^  93. 
Plinhippwt,  009,  670. 
PlUnnthecus,  736. 
/•/o«tM,  581. 

Pldiigh-share  bone,  653. 
Pluuuister,  211. 
Plutnatellidce,  301. 
Ptumularia,  116. 
PluUwt,  190. 
Plyetolophwtf  696. 
Pueiimatic   lllamenta  of   Physophorldir, 

123. 
Pneumatocyst,  128. 
Pucumatophore,  123,  125. 
Puchard,  682. 
PociUopora,  156. 

Pwlophthalmat/i,  26S ;  clmractera  of,  289. 
Podophrya,  02,  94. 
Podommata^  3U2. 
Po*lnra,  329. 
Ptfebrotheriuin,  680. 
PiKciliMtna,  272. 
Ptti'phayn,  636. 
Pit^phayuif,  685. 
Pole-cat,  704. 
Polian  vesicles,  187,  207. 
PoUites,  \Viy  39. 
Polyarthra,  236. 
Polnarlia,  160,  175. 
Polyeystina,  73,  74,  75. 
Polyde»mun,  813. 
PolygoMtrica  (of  RhivDbcrg),  90. 
J'olyinorphmidea,  69. 
Polytwe,  263. 
Polyimry,  103,  107. 
Polype.  144. 
Polypide,  356. 
Polypidom,  103. 
Polvpit*.  102. 
Poiypleetron,  590. 
PolypUnut,  469.  470,  471,  472,  473. 
Polyrttome  Infusoria^  98. 
PolygtomtUidea,  70. 
Polythatainia  {Foraminifera),  67,  63. 
Polytreitta,  72. 
Polytremacig,  163,  176. 
Polyzenia,  128. 
Poiyzoa,  349,  350, 351 :  chanctera  of,  864  ; 

diiitinctions  from  Ilydrozoa^  364,  356; 

typical  polypide  of,  366 :  avioiilaria  of, 

357;  lopbophore  of,  868;  digestive  ays- 

tera  of,  369;  Tiervoua  system  of,  860; 


reproduction  of.  ift. ;  stntoblasta  of, 
300,  361 ;  devolofiinent  of,  t&. ;  divi- 
Hiona  of,  i6.  ;  afflniticx  of,  362 ;  distri* 
bntioD  of,  in  space  and  time,  i6. 

Polyzoarium,  355. 

Pond-8nail8,  397. 

PontaraehrM,  305. 

PoJiUtiMUlla,  247. 

PorcHlaiuu  204. 

PorcellauouH  HhellH,  352. 

Porcellia,  39S. 

Porcupine,  713,  714. 

Pores  of  Spongeii,  76,  80, 

Pontes  175. 

Poritidce^  156. 

Porocidari-g,  184. 

Porpita,  123. 

Porp<»i8e,  659,  660. 

Port  Jaclcson  Shark,  478. 

Portuguoae  man-of-war,  101, 120,  123, 125. 

Potoroo,  630. 

Punched  Marmota,  717. 

Pouched  Rats,  715. 

Pouipe,  410. 

Prifnrcturus,  297. 

Prairie  Dog,  717. 

Pray  a,  122. 

Presbt/tis,  732. 

Pressiromtreg,  585,  5S8. 

PrMtwichia,  297. 

Primates,  718. 

Pritnwta,  165. 

PriMtis,  480. 

Proboscidea,  characters  of,  692 ;  distribu- 
tion of,  in  time,  696. 

Proboscis,  of  MedtistK,  127 ;  of  Crinoidea, 
190 ;  of  Planarida,  224 ;  o{  Aeanthoce- 
phala,  228 ;  of  Ofphyrfa,  241 ;  of 
Errantia^  252;  of  Lepidoptera,  320; 
of  ProboHcidea.  626. 

Proboscis  Monkey,  782. 

Procellaridoft  680. 

Prochilus,  7u2. 

Procaelia  (CroeodUia';^  536. 

Proeyon,  702,  703. 

Procifonidot,  702,  709. 

Produetid(B,  370,  877. 

Proglottis,  217,  219. 

Pro-legs,  338. 

ProtiuropidfT,  602. 

Prong-bnck,  6S2,  083. 

Pro-ostraouni.  412. 

Propodite,  264. 

Propodiura,  387,  896. 

Propora,  103. 

Prorasttnmis,  664. 

Prorhyiichus,  220. 

ProBcolex,  218,  219. 

Prusimiaty  728. 

Prosobranehiata,  893,  394,  397. 

Prosoma,  401. 

Prostomium,  of  Platuirida,  224 ;  of  Anno- 
lides,  243. 

Protantotba,  69.  60. 

ProtoMter,  212. 

Proteles,  706. 

Protelidat^  706. 

Proteolepas,  276. 

Protftu,  492.  496,  496. 

Proteus-animnlcule,  61. 

Protborax,  317, 

ProtobathybiiiSt  60. 


794 


INDEX. 


ProtoeoeeitSf  12. 

Protogenes,  5». 

J*rotohydra,  104. 

Protolabit,  67a 

Frotomyxa,  60. 

Protoplasm,  7»  8. 

Protopodite,  264. 

Protopteri  (sec  Dipnoi^ 

Protomit,  604. 

ProtorosauriOf  526. 

ProtnrotauruM,  532. 

Protovirgvlaria,  176. 

Protozoa,  12,  18;  general  characten  of, 
54  0f  te^. ;  claHAiflcation  of,  56  et  aeg. 

FmveDtricultut,  of  Earthworm,  S48;  of 
Birds,  562. 

Proximal,  103. 

Pgammodtu,  486. 

Pseudembryo,  183. 

Pseudobranchia,  471. 

Pseudohsemal  system,  244. 

Pseudo-hearts,  373. 

Pseudonavicellw,  57,  68. 

Pseudopodia,  55.  68,  59,  62,  68.  06,  M,  78, 
74,  75,  77. 

Ptetidoput,  524.  626. 

Pseudftacorpionidce,  3(>6. 

Pgeudo-neuroptera ,  384. 

Pgittacidtr,  695,  596. 

Pgittaeva,  595.  696. 

PAolujt,  209,  212. 

Pnutroitjtenniaf,  58. 

Ptaniiigan,  591. 

Pteraimdon,  542,  .543. 

PteratmU,  474.  484,  485. 

Pterichthyf,AlA,A^b. 

PUroclido'  591. 

Pierodactylu*,  542,  543. 

Ptemmpif,  717. 

Ptercqndce,  721.  722. 

Pteropoda,  360,  878,  389,  391;  geDeral 
characters  of,  398;  foot  of,  399;  shell 
of,  ib.;  divisions  of,  t6.,  400;  distribu- 
tion of,  in  space  and  time,  ib. 

Pteropxm,  720. 

Pteroitauria,  510;  general  characters  of, 
541 ;  distribution  of,  in  time,  543. 

Pteryffotm,  2.s3,  284.  285. 

PtUocereus,  725. 

Ptilodictija,  362. 

Ptilograptm,  137,  141. 

Ptiloitora.  802. 

Ptffchoc^rns,  416,  410. 

PufTaddtT.  521. 

Punhi,  579. 

Pvl^'X,  336. 

Pulicidii',  336. 

Pulmofiaxferfipoila,  389,  393,  397. 

Puhnoiiata  (ilolludca),  393. 

Pnhnnni/era  (Mollmca),  893,  397,  398. 

Puhiiotrachtahn,  309. 

Puma.  709. 

Pupa,  324,  325,  326. 

PujHi.  :i9S. 

Pupijxira,  3.^7. 

Pnrph's  of  wheat,  232. 

Piitnrhift,  704. 

Pynwgonvm,  303,304. 

Pygidium,  2sl,  2*«3 

Pi/ramidfllidte,  394- 

Pyrgia.  156. 


PSfToaoma,  309. 
PyrrAicia,  601. 
iVAon,  616,  621 
Puihonina,  sn. 
Pythononwrjpha,  m. 

QnadTate  bone,  4SS,  606.  654. 
Quadantmana,  618,  6i0,  621;  disneten 

of,  7S6;  secUons  of,  726-786;  dktxiba- 

tion  of,  in  time,  ib. 
Qaaapi.66Q. 
Quail,  601. 

Rabbit,  712,  718l 

Racoon,  702,  703. 

Radiata,9S, 

Radiolaria,  60 ;  characten  of,  73. 

Radnla  (aee  Odontophore). 

/tote,  480. 

Rail  686. 

BaUu»,58». 

Rana,  4M,  600,  502. 

Jianicept,  606. 

Banida,  601,  602. 

Maptarett  682,  672;  ebaracton  ot  001; 

•ectiona  of,  005 ,  distribution  ot,  in  tine, 

608. 
Jttuores,   562,    667,  672 ;   chwaetm  oC 

580 ;  sections  of,  690 ;  distribntion  of, 

in  time,  694. 
Rat,  715. 
Ratel,  703. 
Batitar,  571. 

Rattlesnake,  411.  419,  420. 
Rays,  475,  476,  477,  479,  480,  487. 
Razor-bill,  579. 
Razor-shells,  386. 
Beeeptacttliteg,  72, 
Red  Coral,  160,  161, 171. 
Red  Deer,  680. 
Redshank,  688. 
RedsUrt,  602. 
Beffnum  Protisticunt,  12. 
Regular  Echinoids,  ISS,  190. 
R«in-deer,  681. 
Benaia,  169. 
Reproduction,  general  phenomena  of.  2? 

et  tteq.  ;   sexual,  ib.  ;   non-sexual,  80  «( 

»tq. 
Beptilia,  439 ;  general  characters  of.  .w^ : 

jaw  of,  607;  teeth  of,  508;   cin*ulali«>u 

of,   ib.y  609;    respiration   of,  »6.,  510: 

onlers  of,  ib.  et  fteq. 
Respiratory  tree  of  Holothurians,  208, 209. 
Respiratory  tubes  of  Roti/era,  235. 
Bettculosa  (see  Foraminifera),  6<). 
Reversed  shell:».  353. 
BhabdiHXtla^  225. 
Rhabdoidea,  69. 
Bhahdophora,  136. 
Bhabdtwleura,  137,  358,  359,  301. 
Bhamphantido'.  595,  597. 
Bhamphiirhtrnehv*^  543. 
Bhea,  574. 
Bhtnatrema,  495. 
Bhinobati*,  480. 
Bhinoceridir,  663. 
Bhinocero8.  664. 
BhinolophidiP,  719,  720. 
Bhinolvphit*,  720. 
BhinophrpHivtt  5rtl. 
Bhipidogorgia,  161. 
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lihizocephala,  2C7;  rharactcre  of,  270. 

nhiznerintu,  198,  1»9,  201,  209. 

Jihizophana,63A. 

BhUo])hyllum,  166. 

JlhizifjMula,  56 ;  characters  of,  59 ;  pseudo* 
iMxlia  of,  ib. ;  divJHiuns  of,  ft. 

Rhizmtoma^  135,  13«!. 

Rhizottomidcr,  130 ;  doflnitfon  of,  131  ; 
devolopnient  of,  132 ;  Ktructare  of  re- 
productive  zooids  of,  135. 

Rh<td(tpe,  395. 

lUunnbxts,  467. 

Jthopalocera,  339. 

Rhyttchocephalia,  531. 

Rhynehoceii,  655,  661. 

Rhynchotiella.  371,  377. 

RhyncharuUida!,  372.  376,  377. 

Rhy^nchophitra,  345. 

Rhynchosaunis,  532,  541. 

RhynehtUa  (see  Hemiptera). 

Rhytina,  622,  654. 

Ribbon-worius,  225. 

Right  Whale,  656,  658. 

Ringed  Snake,  521. 

River-annils,  394. 

Roach,  466. 

Ribina,  602. 

Rock-kangaroofl,  C37. 

Rock-slatera,  289. 

Rock-snakes,  522. 

Roebuck,  680. 

Rikleivtia,  general  characters  of,  711 ;  fa- 
milies ot,  712  ei  teq. ;  distribution  of, 
in  time,  717. 

Rorqual.  658. 

R'>t  of  Sheep,  223. 

Rotalidfa,  70. 

Rotalina,  68. 

Rotatoria  (see  Rotiferd). 

Roti/era,  8,  214,  215;  characters  of,  233  ; 
wheel-org^n  of,  234  ;  masticatory  or- 
gana  of.  ib.;  water- vascular  system  of, 
235;  affinities  «)f,  236;  vitality  of,  8; 
distinctions  from  Ir\fiuoria,  237. 

Round-worms,  229. 

Ruff,  588 

Riigoita,  145;  characters  of,  163-1 65;  fami- 
lies of,  166 ;  distribution  of,  in  time,  175. 

Ruminantia,  662,  663  ;  characters  of,  674 ; 
stfiroach  of.  675 ;  dentition  of,  676  :  fa- 
milies of.  677-685  ;  distribution  of,  in 
time.  685-687. 

Rupicapra,  683. 

Sah^-lla,  250. 

Sabt  liana,  240,  250. 

S<ible,  704. 

Saeeammina,  72. 

Saceoinydo',  715. 

SnccotKrma,  211. 

Sttccidina,  270. 

SoenuridcR^  248. 

SagUia,  256,  257. 

Saki,  731. 

Salamanders,  402.  495,  497,  498,  504. 

Salamajidra,  495.  498. 

Salairuindrflla,  504. 

Salmon,  466. 

Salmnnidw^  466. 

Salpidat,  869. 

Sand-crab,  295.  « 

Sond-gronse,  501. 


Sand-hopper,  287. 

Sand-lizard,  527 

Sand-pipers,  588. 

Sand  stars,  197. 

Sand-worms,  252. 

Sanpuimga,  247. 

Sapajou,  731. 

Sarcode,  54.  55. 

Snreodictyon,  157. 

Sarcoids  of  8iM>ngea,  78,  79,  80,  86. 

Sareophaga,  640. 

Sareophytmty  157. 

SareopfyUa,  336. 

Sareoptes,  304,  305. 

Sarcorhamphuff  608. 

Sarsia.  128, 129. 

Sauria,  525. 

Saurilhu,  533. 

Saurobatraehia  (see  Urodela). 

Sauropgida,  441,  506. 

Sauropterygia,  blO;  general  characters  of, 
539 ;  distribution  of,  in  time,  540. 

SauromithfS,  571.  608. 

Saurura,  570,  571 ;  characters  of,  608. 

Saw-fish,  480. 

Saw-flies,  341. 

Sealaria,  395. 

Scale-insects,  331. 

Scallop,  386. 

Sealops,  723. 

Scalpellum,  275. 

Scansoren,  572 ;  characters  of,  594 ;  fami- 
lies of,  595. 

Seapkites,  418. 

Scaphognathitc,  266. 

Scapirhynchmt,  469,  470,  473. 

Scaphopoda,  394. 

Sdneidce,  626,  527. 

SeittciM,  527,  528. 

Seiurida,  716,  717. 

Sciuropterua,  717. 

SciuniSf  717. 

Sclerenchyraa,  150. 

Solerites,  161. 

SelerobaHca  {Zoantharia\  145, 149, 175. 

S<;Ierohasic  coralhim,  149. 

Sclerodtnnata  (Zoantharia),  145,  149; 
divisions  of,  155. 156. 

Sclerodermic  corailum,  151. 

SclerogenidcBf  4»>8. 

Scleroslotna,  231. 

SeoUeiday  180,  181 ;  character*  and  divi- 
sions of,  214  et  $^.q. 

Rcolex,  218,  219,  220,  221. 

ScolUeg,  255. 

Seolopacidce,  588. 

Scolapendra,  312,  313. 

Scoinberidoi,  468, 

Scorpion,  298,  300,  301,  807,  308,  810. 

Scorpion-Hies,  334. 

Seorpionidir,  chara<*ters  of,  307;  distribu- 
tion of,  in  time,  310. 

Screamer,  586. 

SetUigera,  312. 

Seyllaridof,  262. 

Scyphiitoma,  133. 

Seythropny  595. 

Sea-anemones,  140. 

Sea-cows,  653. 

Sea-cucumbers,  206. 

Sea-flrs,  101,  114. 

Sea-hares,  395. 
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Sea-horses,  460. 
Sea-lemoos,  395. 
Sea-mouse.  252,  254. 
Sea-otter,  705. 
Sea-pens,  158. 
Sea-shrubs,  160. 
Sea-slugs,  896. 
Sea-spiders,  302. 
Sca-worruM,  252. 
Seals,  699,  700. 
Secretary  Bird,  608. 

Segmental  organs,  of   Leeches,  245;   of 
iilarthwomi,  248 ;  of  Emut  AmieUdes, 
253. 
Selaehii,  478. 
Selenodonts,  670. 
SemnopUheeus,  732. 
5cjpia,  404,  407,  417. 
SepiadcB,  411,  419. 
SepioUi,  401,  417. 
Sepiostaire,  407. 
Septa,  of  Corals,  152 ;  of  the  shell  of  Tetra- 

branchiate  Cepbalopods,  408,  413,  415. 
Serpentarius,  CU8. 
Serpents  (tee  Snakes). 
Serpula,  249,  250,  251. 
SerpulUeSt  255. 
Sertulana,  115, 11«. 

Sertularida,  lol,  104,  107;  characters  of, 
114;  hydrotheca'  of,  ih.  ;  polypitcs  of, 
ih. ;  reproduction  of,  116;  distribution 
of,  in  space  and  time.  141. 
Setie  of  Annelides,  243,  248,  249,  252. 
Sexual  selection,  47,  48. 
Sharks,  464,  475,  476,  477,  478,  479,  486, 

487. 
Sheat-fishes,  466. 
Sheep,  684. 
Sheep-tickH,  338. 

Shell,  of  Mollu«ca,  851-353:    of  Brachio- 
poda,  370-872;    of  Luuifllibranchiata, 
378-381;    of  Gaatempoda,    391-393;    of 
Heteropixia,  .397  ;  of  Ptero^a,  399;  of 
Argoiiauta,  408,  409;  of  JN  auN/w*,  408, 
413;   of  Tetrabranchiate  Cephalopods, 
415. 
Sheltopusiks,  526. 
Shield-slators,  2S9. 
Ship-worm,  386. 
Shoveller.  582. 
Shrew-nnec,  72.3. 
Shrew-mole,  723. 
Shrikes,  602. 
Sialid(€,  SU. 
Sismang,  734. 
Silicea  (Siwuges).  85. 
SUicisp<tngi4Bt  6'2,  bS. 
Silurido't  466. 
SUurtui,  466. 
Simla,  734. 
SinwHattrus,  640. 
Siimpallialla,  383,  385. 
Sfphonia,  83. 
Siphouida,  385,  386. 
Siphonophora,    104;    characters  of,  119; 

divisions  of,  120  et  seq. 
SiphoHopM,  494,  4!»5. 
Siph'mo*touiata  {Gasteropoda),  393,  394, 

397,  398. 
Sij'hons,  of  Lanullibranchiata,  oS3;   of 

GaiiterojMtda.  390. 
8ip\iunck,ot  \\\*i  v\\el\  of  Xautihuff  408, 


413,  415;  of  Spir%tla,  411 ;  of  BeUm- 
uiUt,  412 ;  of  Tetrabranehiata,  415 ;  of 
Orthoctrat,  416. 
SijntneuMdeat  S41. 
Sipuneuiug,  241.  242. 
SCrtdon,  496.  497. 
Siren,  402,  495,  496. 

Sirenia^eib,  617,620,622:  cbanu;t«it<< 
651  et  9eq. ;  distribation  of,  in  time,  654. 
SirenidiBf  496. 
Sirieidegf  S4L 
Sitta,  602. 

Sivatherium,  682,  687. 
Skates,  479. 
Skink,  528. 
Skunk,  704. 
Slaters,  289. 
Sloth,  644,  645,  650. 
Sloth-aniinalcules,  3'^4. 
Slow  Lemurs,  728,  729. 
Slow-worm,  526. 
Slugs,  397. 
Sm^hurut,  32i. 
Snails,  397. 
Snake-birds,  581. 
Snakes.  507,  510,  515,  516,  517,  518,  519, 

520,  521,  522,  523,  624. 
Snapping-turtle,  514. 
Snipe.  585,  588. 
Soft  Tortoi»rt«,  514. 
Solanocriuus,  211. 
SolaMer,  li»5. 
Sole,  467. 

SoUnidte,  385.  386. 
Solenodatiy  725. 
Soliduiujvla,  062,  6*^3. 
Solipedia  (see  Solid imtjula). 
Solitaire,  594. 
Solpugid(B,  307. 
Somatena,  582. 

Somatic  cavity,  of  CceUnterata^  99 ;  of 
Hpdrnzoa,  101;  of  Hydra,  1U5;  vf  Ac- 
tinozoa,  142,  143. 
Somatocyfit,  120. 

Somite,  25S;  of  Cnistaeea,  26?>;  of  A  rack- 
nida,  298. 

Sorex,  724. 
SoHeidas,  723,  726. 

Spalaeidrr,  717. 
Spalacotherium,  62S. 

Spalax,  717. 

Sparrows,  601. 

SpatiUaria,  469.  470,  473. 

Spi-cies,  definition   of,   24-27;   origin  r-f. 
45-48. 

Spectacled  Bear,  702. 

Spennatophores,  4o5. 

Sperm-whale,  658.  659. 

Sjxrmophiliiit,  717. 

Spha^ridia,  186. 

Sphaeroga^tra^  308. 

Sphatroma,  28S. 

SphatrozDvm,  76. 

Sphimtlana,  229. 

Sphagodvif,  486. 

Sphar^ia,  514, 

SpheniiteidcF,  578. 

Sphenijicvs,  578,  579. 

Sphenodon,  531. 

Spioula,  of  Sponges.  73.  82,  83,  W:  «'f  ^fl- 
<?iV;/«ria,  76  ;  of  Aetinvzoa,  149, 1 JT,  1  j% 
160,  161. 
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Spider-crahft,  2P4. 

Si)ider-!iiites,  3i'r». 

Spider-riionkev,  731. 

Spiders.  298.  2i»9,  300,  301,  308,  309.  810. 

^inaz,  47<{, 

Spinnereta,  of  Spiders,  300;  of  Caterpillars, 
338. 

Spio,'lQ\. 

Spin/er,  376. 

Spin/eriihv,  376,  377. 

SpirUlinkien,  69 

Spirorbis,  '2f)0,  251,  2:)6 

Spirula,  407.  408,  411,  417. 

Spirulid^r,  411. 

Sponge-crab,  204. 

Spongut,  82. 

Sp'Oigida,  5<>,  70,  77 :  skeleton  of,  82,  83  ; 
sarcoids  of,  78.  79;  aquiferous  system 
of,  80  ;  reproduction  of,  83  ;  develop- 
mont  of,  84 ;  classifleation  of,  85 ;  dis- 
tribution of,  in  space,  ib. ;  in  time»  86 ; 
affinities  of,  ib. 

Sponffilla,  82,  83.  85 ;  reproduction  of, 
ib. 

Spoon-bill,  588. 

8|KM:in-worm,  201. 

Siwres  of  Sr>ongc.«».  83. 

Sporo-Mie  of  Corunida,  108. 

Hprinj;- tails.  329. 

Squalhhx,  479. 

SquaUfdon,  6t$l. 

Squamae  of  Aphrodih-,  S.'rt. 

SquauMfa  (Reptilia),  5ub. 

Sjtuimulintt,  71. 

Sqiuimulinidea,  69. 

S<iuids,  411. 

Siuilla,  289,  29D. 

Squirrel.  717. 

Squirrel  Monkey.  t:^1. 

Staggers  of  Sheep,  'llo. 

StagonoUpi^y  537. 

Staphylinid€e,  345. 

Starlings,  600. 

Star-nosed  Mole,  723. 

StatoblastH,  ,S3,  880. 

Stauria,  165,  166,  175. 

StanrUHa,  111. 

SteatorniM,  604. 

SUgniiophthalina^n  {Medmof),  125,  126, 
12<.>,  136. 

SUllerida,  191. 

StellUt,  529. 

Stem-muscle  of  Vorticdta,  91. 

StemniAta  (niee  Ocelli). 

SUiMster,  211. 

SffMoJiber,  718. 

SUneosauruit,  5S7. 

SUnopn,  730. 

StenoMtomata,  170. 

Stents r,  14,  92,  93. 

Sttphanowros,  233.  236. 

StephanofcyphuH,  119. 

Stfrelinintha,  223. 

StereognatliiM,  627,  642. 

Sumcupis,  241. 

Sternum,  of  Cnuttacea,  262 :  of  Arach- 
nida,  299 ;  of  Chelonia,  512 ;  of  Aws, 
655 :  of  Mammalia^  617. 

Stick-insects,  333. 

Stigmata,  of  Phu9ophorid<r,  183  ;  of 
Leeches,  245;  of  Araehnida,  802;  of 
In^ecta,  828 


Sting-rays,  480. 

Stohms,  of  Foramini/era^  67 ;  of  compo- 
site Aetinozoa,  154 ;  of  social  Tunicctta, 
3rt9. 

Stotnapoda,  268 ;  characters  of,  289 :  de- 
velopment of,  ib. ;  distribution  of,  in 
time.  297. 

Stomatodendra,  136. 

Stone-chat,  602. 

Stone-Hies,  334. 

Stork.  587. 

Strepttieeros,  683. 

StrepitiUii,  688. 

Strepmiptera,  319,  343.  344. 

Strepsirhina,  726.  72S. 

Streptospoiulylwf,  537. 

StrigiiUx,  605. 

Strigopg,  596. 

Strix,  606. 

Strobila,  of  RhiioMtmnidcBf  133 ;  of  Tf^ii- 
ada,  219. 

Stronuitopara,  72. 

Sfrombid<r,  351,  387,  394. 

StromhodeBj  165. 

Strotwylucmtrotun,  184.  210. 

Stntphomenidif,  376,  378. 

Stnithut,  572,  573. 

Stnithurnid'r,  672,  574. 

Sturgeon,  452,  478. 

Stvrionidae,  473.  485. 

SturnidiP.,  699,  600. 

Styl(Mterid<r.,  140,  141,  165. 

SiylinodoiUia,  689. 

Stylopn,  344. 

Stylorhyiiehwi,  57. 

Sub-brar.hiata,  467. 

Sub-kingdoms,  19. 

Subiilo,  6Sl. 

SuefvDsauru.*,  537. 

Suctoria  \  h^us'/riaX  87,  92,  94. 

Suwta,  672,  686. 

Suto.  581. 

Sun-birds.  602,  603. 

Sun-bear,  702. 

Surf-duck,  682. 

Surieata,  705. 

Surinam  Toad,  501. 

Sru«,  664,  672. 

Swallow,  603,  604. 

Swan,  582,  583. 

Swifts,  560,  603,  604. 

Swim-bladder  of  Fishes,  455 

Swimmerets  of  Lobster,  264,  292. 

Swimming-bells,  121. 

Sycandra,  79. 

Sycon,  84,  85. 

Syllidea,  251. 

SylviadfTy  602. 

Sytnborodon,  667. 

Sympodium^  157. 

Synapticulte,  153. 

Sf/naptido!,  207,  209. 

Syndactyli,  604. 

Syndendrium,  136. 

Syn^nathidof,  469. 

Syringopora,  156. 

Syrinx,  241. 

Syrinx,  568. 

Tatonidce,  838. 
Tabulse  of  Corals,  158. 
TalnUata,  150. 
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Tabulate  Corals,  139,  156,  175. 

Taehyglotsus,  631,  682. 

Taekypetea,  681. 

Tadpole,  500. 

Tamia,  216,  217,  218,  219,  220.  221. 

Tctniada,  214;  characters  and  develop- 
ment of,  215  et  teq. 

TalUnu,  287. 

Talpa,  722.  724. 

Talpidte,  722.  724,  726. 

Tamandua,  648. 

Tamia*,  717. 

TanaoridoB,  601. 

Tanau,  286.  289. 

Tank-worms,  223. 

Tantalina;,  5S7. 

Tapeg,  383. 

Tape-worm  (see  Tctnia). 

Tapir.  666. 

Tapiridas,  606.  685. 

Tapinu,  664,  «««,  ««7. 

Tardi^rada,  302,  304. 

TargiidcB,  728. 

Tartius,  728. 

Teal.  582.1 

Tectibranehiata,  305. 

Tegenaria,  299,  300. 

^^{{■oMiiirtM,  537. 

Teleostei,  characters  of,  402  «f  m^.  ;  sub- 
diviriions  of,  465  f  f  »€q. ;  distribution 
of,  in  time,  487  ft  aeq. 

TeUphorxt*,  345. 

TeUrpfton,  532. 

Tfllinid(f,  .385.  386. 

Telmalorntjt,  589. 

Telson,  of  Cruittncra,  261 ;  of  Ix>]>8ter. 
2«4;  of  Limulus,  284;  of  Seurinon, 
307. 

Tenehrionidce,  345. 

Tenrec,  724. 

Tentacles,  of  Hy<lra,  105 :  of  Tvbiilaria, 
113;  of  Cal;irojthf>rid(F,  120:  of  i*A//*«- 
phon(i(r,  123;  of  Mcdu*ida',  127;  of 
Hmlratuha,  132;  of  ^rfmia,  146;  of 
yl^rVManVi,  \^6;  of  Pleurohrachia,  168; 
of  II olothuroidea.  206  ;  of  Pol\izi>a,  358 ; 
<»f  Tunicata,  364  ;  of  Cuttle-flshes,  402, 
411. 

TentaculUen,  255,  400. 

Tenthredinidn,  341. 

Tfjithredo,  341. 

Tenuiroiftrcit,  599.  602. 

Tfrebella,  250.  251. 

Terebratula.  .S52.  373. 

Tertbratnlid(P,  37t?,  .'C7. 

Tcrbrafulina,  374,  375. 

Teredo,  3S«>. 

TerK^im,  <»f  the  exoskflet'^tn  of  Cnmtacea, 
2ri2 :  of  Arachnida,  299. 

Tt?rn,  580. 

Tfrricola,  247. 

Termites,  82(; ;  communities  of,  834. 

Trrrapin,  516. 

Test,  of  Foraminf/ern,  <>4 ;  of  Echinoidea , 
183  ;  o/"  Tnnicuta,  304. 

Testacelh,  3;.2. 

TegtudinidfT,  514. 

Tentudo,  515. 

Tethj/a.  85. 

Tetrabranrhiata(CfpfialopiHla\40B :  char- 
acters of.  412 ;  divisions  of,  415;  distri- 
bution of,  in  time,  418. 


Tetradeeapoda,  286. 

TVfram^ra,  845. 

TXrani^tM,  804. 

TetraOf  591. 

rtftrooiucte,  591. 

IVtt^Aidar,  411,  419. 

7*efl:<ti2aru2ea,  69. 

7%<ito«iN>raeAf«a,  305. 

7%a^a«Mretof,  702. 

ThalatieoUida,  73,  75. 

TT^umantuw,  126. 

7A^a,  400. 

Theca  of  sclerodennic  oonllam,  151 

Theeaphora,  114, 119. 

Theeia,  156. 

Tfueidiidte,  376,  877. 

TA«eofti«cltMcv,  119. 

TAeeoMmtofa.  890. 

rA«/KP^nuke.  308. 

Tft«/;/pAi>nu«,  800,  S0& 

TAcruiMm,  809. 

Theriodontia,  510,  545,  546. 

7A«rtofitorpAa  (see  ^mwraX 

Thomnmygt  715. 

Thoracica  {Cirripedia),  267,  275. 

Thomback,  480. 

Thomheaded  Worms,  SS8. 

Thomv  Clams,  386. 

Thread-cells,  100,  101. 

Thread-worms,  229. 

Thripg,  331,  332. 

Thrushes.  602. 

ThijlarimM,  640,  r43. 

Tfit/tacoleo,  lU3. 

Thj/oHi',  208,  209. 

Thman**ptera,  332. 

Thyttanura,  329,  330. 

Ticks.  305. 

Tiger,  708. 

Tiper-beetle,  345. 

Tillmlonttn,  r.S9. 

TUlotheridff.  ••.v<^9. 

TiUotherium,  ♦;S9,  «>90. 

TiuawidfT,  592. 

Tinamou,  5!>2. 

Tinocfras,  689. 

TivuUi,  337. 

TipuUdir.  3.37.  .3;;8. 

THanotherium,  (J07, 

Titmice,  602. 

Toad,  49<\  498.  5l>0.  501. 

Tomoptert'jt.  255. 

Tongue,  of  ln8«'<"ts,  32i» ;  of  Ga^errtf^da, 
388  ;  of  Cepf,aloj,fHta.  403  ;  of  KiHhfit. 
447  ;  of  Snak.*.^.  51«'' :  of  Lizards,  525;  of 
Crocodile,  5:55  ;  of  Birtl.«,  561. 

T.M>tb -shells,  3m. 

Top-shells,  394. 

Tomaria,  227. 

Tornat*'llidfe,  39.5. 

Torpedo,  480. 

Tortoise  En<'riTiite.  211. 

Tortoises,  507,  .'>0.S,  510,  :.14.  515. 

Tortrix.  515. 

Totanu*,  58 S. 

Tntipalmahr,  580. 

Toucan.  595,  597. 

Ton  races,  598. 

Titxocfras,  416,  417. 

roj^Kfon.  685,  IHK),  C:»l. 

Toxtidontia,  09 ». 

Toxopwufftes,  184. 


TraehyiUrmtt,  i! 


honirtin      Tilrbloateil  Sie 
:  LabiUl      Turblnidai.  BM 

Tarbiiotiila,  V. 

Turbnt,  WT. 


Tumiitone.  MS. 


''rich'/ffttBut, 


Trimaiailir,  3 


Tiilapoda,  <ITT. 
TypB,  monilirilngica; 


■tructure  nf  the  rmrt  of,      P/m 


TVinj,!..  588. 

ri-;o;iyfi(/,e.Sll,  514,  S15 
Trimyi.  &U 

Ungublta  BIS,  ill»;  duruWn 
ctlvi.ioiii  of,  «tS. 

Tr;(M(^mpft,fr,B),*51. 

UnivslV8ShBU.,3ST. 

Tr.,lh'l'da.  6IW,_ 

i^iuur.  iai'm,  m. 

Urin.  ST9. 

Trochnid  ihcll,  nf  Fvnii 

n.n(ftR>, 

68;  or 

UrHoltOa.  ISM. 

Vraittla,  IK,  iK :  .'hanictfn  o 

Tri-glclgUi  (Ave,),  (WB; 

(Ijuutn 

nuuiiiX 

7SI- 

r™p«((f.,  423, 

Tf>g..d.SS5,  5»T. 

(-rotnrtim  "M. 

UrtM,,  701,  TOI>. 

Tro-joathrnuin,  TIB. 

r«lM.  T02,  7(l». 

Tn^liioIliieB'^U.  819. 

{r«Uid«.«e. 

TVb'porvlfV,  IQ 
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Venu8*8  Girdle,  170. 

VeretiUnm,  15ft,  ItiO. 

V^nnefi,  180.  181. 

Vennettu,  391. 

VennUinguia,  52a 

Verrucidof,  2t57,  274,  276;  distribution  of, 
in  time,  297. 

Vertebra,  stmcture  of,  480. 

Vertebrata^  19 :  funeral  characters  of, 
425-429  ;  develniiment  of,  426-428 ;  skele- 
ton of.  429-4S4 ;  digestive  system  of,  ib., 
435 :  blood  of,  436 ;  respiratory  system 
of,  4S7 ;  nervons  system  of,  438 ;  repro- 
duction of,  439;  exoskeleton  of,  i6.; 
divisions  of,  439-441. 

Vesicle,  contnictile,  of  Protozoa^  65;  of 
Amaba^  62;  of  ParamoKium^  90;  of 
Epiiftylh,  92. 

Ve9intlaria,  804,  361. 

Vegpidof,  a42. 

Vettpertilio,  710. 

VespertUionido!,  719,  721. 

Vibracula,  8.'>7,  858. 

Vibrio,  42,  AX 

Vidua,  <iOO,  601. 

Viperidof,  620. 

VirffHlaria.  159,  160. 

Viscacha,  714. 

Visceral  arches  of  the  embryo  of  Verle- 
brates,  428. 

Vitrea  (Sponges),  82,  85,  86. 

Viverra,  706. 

VirerrUlo',  705,  710. 

Viviparous  Lizards,  507. 

Vole,  715. 

Volitores,  003. 

Volutidce,  3J>4. 

VolcoT,  \X 

Vorticella,  8S ;  structure  of,  91  ;  repro- 
duction (»f,  ih.,  V2. 

Vfirticlara,  10<». 

VvJ}>ei<,  70r,,  707. 

VulUir,  r>07. 

Vulhtrid^y  606,  607. 

Wsgtail.H,  602. 
Wnh,  703. 

Waldhcimia,  371,  373. 
Walking  L^'aves,  333. 
Walrus,  6(»9.  700. 
Wanderoo,  732. 
Warblers,  M2. 
Wart-hoj:,  673. 
Wasps,  34-_*. 
Water-beetles,  845. 
Water-deer,  «?S1. 
Water-Hens,  277,  278,  270. 
Water-hen,  586. 
Water-mites,  304,  305. 
Wnter-scorpion.  332. 
Water-si)ider,  332. 

Water  -  vascular  system,  of  Anmtloida, 
180  :  of  Eehiiwidca,  186 ;  of  AaUroidca^ 


192 ;  of  Ophiuroidea,  19A :  of  Crii»mdr<i, 
198-203;  of  Holotkuroidfa,  S06-Sid7;  of 
Scoleeida,  215;  of  Temiada,  216;  of 
Trematoda,  232;  of  TurbeUaria,  225; 
of  Acanthoeephala,  228;  of  Nevudcd*, 
230 ;  of  Botifera,  236. 

Water-worms,  248w 

Weasel,  704. 

Webgteria,  176. 

Weevils,  346. 

Whalebone  Whales,  655. 

Whale-louse.  287. 

Whales,  016,  616,  619,  622,  627,  66t,  655, 
66& 

Wheel-animalcules,  233. 

Whelk,  388,  390,  394. 

White  Antit,  334. 

Whiting,  467. 

Widgeon,  682. 

WUd  Boar,  672. 

Wing-shells,  395. 

Wire-worms,  346. 

Wolf,  706. 

Wolverine,  633. 

Wombat,  634,  635. 

Woodcock,  664,  688. 

Woodlice,  288. 

Wood-mit«8, 306. 

Woodpecker,  668,  695,  dO^i. 

Wrasse,  463. 

Wrens,  6t-2. 

Wryneck,  596. 

A'enia,  157. 

Xenoitp<tn<fia,  S5. 

Xiphomra,  characters  of,  2S3;  distril-n 

tion  of,  in  time,  2'.*7. 
Xylobim,  31^5. 

Y.ik,  685. 
Yapock,  «»30. 
Yunx,  50i!. 

Zaphrenti*,  164,  16«'.. 

Zebra,  6*59. 

Zebu,  685. 

Zeitijlodon.  i'*'A,  <hV2. 

ZeugUtdontidir,  O.w,  r.:,l. 

Zijihiuft,  tMM. 

ZiKitUharia,    145:    Malncodermnin.  145- 

149;  Sclernha*ica,  149,  175;  ScUnidn- 

mata,  149-15<j,  175. 
Zoanthidftr,  148. 
Zimnthu*,  14l». 
Ziiea,  280,  289,  290,  293,  2'.>:.. 
ZoHites,  398. 
Zonurida,  52tJ. 
ZfHCCium,  357. 
Zooid,  32. 103. 

Z<>olr>gical  provinces,  49.  50. 
Zoologj',  definition  of,  1. 
Zoospires  of  Con/err€e,  13. 
Zootoca,  527. 
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•  The   School   Etymological   Dictionaiy  and  Word-Boot 

Combining  the  advantages  of  an  ordinary  pionoancing  School  Dictionary  and 
an  Etymological  Spelling-hoolc.    Fcap.  8vo,  pp.  254.    as. 

STRICKLAND.    lives  of  the  Queens  of  Scotland,  and  Ed^ 

PrincesBes  connected  with  the  Besal  Bncoeasltm  of  Great  Britain.  By  Acns 
Stbickland.    With  Fortraita  and  Hiatorical  Vignettes.    8  Tola,  post  Sro, 

SUTHERLAND.    Handbook  of  Hardy  Herbaceous  and  Alpine 

Flowcrsp  for  general  Garden  Decoration.  Containing  Dcacriptiona,  in  Flail 
Language,  of  a]>ward8  of  1000  Bpedea  of  Ornamental  Hardy  Perennial  and 
Alpine  Planta,  adapted  to  all  claases  of  Flower-Oardena,  Rockwork,  and 
Waters ;  alongjrith  Concise  and  Plain  Instnictlons  ftir  their  Propagatiim  and 
Cultare.  By  William  Butherlavd,  Gardener  to  the  Barl  of  Minto ;  ibnneriy 
Manager  of  the  Herbaceous  Department  at  Kew.    Crown  Svo,  78.  6d. 

SWAINSON.  A  Handbook  of  Weather  Folk-Lore.  Being  a  Col- 
lection of  Proverbial  Sayings  in  variona  Langnages  relating  to  the  Weather, 
with  Explanatory  and  Illustrative  Notes.  By  the  Rev.  C.  SwAnraos,  H.A., 
Vicar  of  High  Hurst  Wood.    Fcap.  Svo,  Boxbuighc  binding,  6s.  6d. 

SWAYNE.    Lake  Victoria :  A  Narrative  of  Ex])lorations  in  Search 

of  tho  Source  of  the  Niltf.  Com]>iled  from  the  Memoirs  of  Captains  Siwke  und 
Grant.  By  George  C.  Swayne,  M.A.,  Lite  Fellow  of  Cori'us  Christi  G'lletce, 
Oxford.    Illustrated  with  Woodcuts  and  Map.    Crown  8vo,  7s.  6d. 

SYMONDSON.    Two  Years  Abaft  the  Mast :  or,  Life  as  a  Sea 

Ai»i>renticc.    By  F.  W.  H.  Symokdsok.    5s.    Cheap  Eilitiou,  js. 

TAYLOR.    The  Story  of  My  Life.    By  the  kte  Colonel  Meadows 

Tatlor,  Author  of  *Tho  Coufessions  of  a  Tliut;,'  &c.  Ibc  Edited  by  liij 
Dau<;)iter.    Third  Eilition,  ]K)dt  8vo,  98. 

Tara  ;  A  Mahrattn  Tale.    3  vols,  post  8vo,  £1,  us.  6d. 

Ralph  Darnell.    A  Novel.    3  vols,  post  8vo,  /i,  us.  61I. 


TIIOLUCK.     Hours  of  Christian  Devotion.    Translated  from  the 

German  of  A.  Tholnck,  D.D.,  Professor  of  Tlieology  in  the  University  of  Halle. 
By  the  Rev.  Robert  Memzieh,  D.  D.  Willi  a  Preface  written  for  this  TransLi- 
tion  by  the  Autlior.    Second  Edition,  croven  8vo,  78.  6d. 

THOMSON.     Handy-Book  of  the  Flower-Garden  ;  being  Practical 

Directions  for  the  Propagation,  Culture,  and  Arrangement  of  Plants  in  Fower- 
GarUens  all  the  year  n)und.  Embracing  all  classes  of  GardenR,  from  the  Lirve»t 
to  the  smallest  With  Engraved  and  Coloured  Plans,  illnstrative  of  the  varioiu 
systems  of  Groupinj;  in  Beds  and  Bi^rders.  By  David  Thommox,  Gardener  to 
his  Grace  the  Duke  of  Buccleuch,  K.G.,  at  DnindAnrig.  Third  Edition,  crown 
8vo,  7s.  6d. 

The  Handy-Book  of  Fruit-Cnlture  under  Glass :  being  a 

serio?  of  Elaborate  Practical  Treatises  on  the  Cultivation  and  Friroint:  of  Fine*, 
Vims,  Peaches,  Figs,  Melons,  Strawberries,  and  Cncumbore.  With  Engravings 
of  Hothouses.  &c.,  most  suitable  for  the  Cultivation  of  and  Forcing  uf  these 
Fruits.    Crown  8vo,  with  Engravings,  78.  6d. 
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THOMSON.  A  Practical  Treatise  on  the  Cultivation  of  the  Grape- 
vine.   By  William  Tbousom,  Tweed  Vineyards.    Eighth  Edition,  enlarged. 

TOM   CRINGLE'S  LOG.     A  New  iklition,  with  Illustrations. 

Crown  8vo,  68.    Ch<"ap  Edition,  28. 

TULLOCH.  Rational  Theology  anil  ChrisStian  Philosophy  in  Eng- 
land in  the  Seventeenth  Century.  By  John  Tullocii,  D.D.,  Principal  of  St 
Mary's  College  in  the  University  of  St  Andrews ;  and  one  of  her  Miueiity's 
Chaplains  in  Ordinary  in  Scotland.    Second  Edition.    2  vols.  8vo,  28s. 

Some  Facts  of  Religion  and  of  Life.    Sermons  Preached 

l)efore  her  Majesty  the  Queen  in  Scotland,  z  866^76.    Second  Edition,  crown 
8vo,  78.  6d. 

The  Christian  Doctrine  of  Sin  ;  being  the  Croall  Lecture 


for  1876.    Crown  8vo,  6s. 

Religion  and  Theolc^.    A  Sennon  Preached  in  the  Parish 

Church  of  Crathie.    Second  &ition.    is. 

Theism.     The  Witness  of  Reason  and  Nature  to  an  All- 
wise  and  Beneficent  Creator.    8yo,  los.  6d. 

TRANSACTIONS    OF   THE   HIGHLAND    AND    AGRICUL- 

TURAL  SOCIETY  OP  SCOTLAND.    Published  annually,  price  58. 

TYTLER   The  Wonder-Seeker;  or,  The  History  of  Charles  Douglas. 

By  M.  Fraber  Tytler,  Author  of  'Tales  of  the  Great  and  Brave,'  kc.  A  New 
Edition.    Fcap.,  3s.  6d. 

VIRGIL.     The  ^neid  of  Virgil.    Translated  in  English  Blank 

Verse  by  G.  K.  Rickards,  M.A.,  and  Lord  Ravensworth.  2  vols.  fcap.  8vo, 
108. 

WALFORD.    Mr  Smith  :  A  Part  of  his  Life.    By  L.  B.  Walford. 

Cheap  Edition,  38.  6d. 

Pauline.    Fifth  Edition.    In  i  vol.  [In  the  press, 

WARREN'S  (SAMUEL)  WORKS.    People's  Edition,  4  vols,  crown 

8vo,  cloth,  x88.    Or  separately : — 

Diary  of  a  Late  Physician.  3s.  6d.  Illustrated,  crown  8vo,  7s.  6d. 

Ten  Thousand  A- Year.    58. 

Now  and  Then.    The  Lily  and  the  Bee.    Intellectual  and  Moral 

Development  of  the  Present  Age.    48.  6d. 

Essjiys  :  Critical,  Imaginative,  and  Juridical.     55. 
WELLINGTON.    Wellin<rton  Prize  Essays  on  "the  System  of  Field 

Manoeuvres  best  adaptetl  for  enabling  our  Troops  to  meet  a  Continental  Army.** 
Edited  by  Mi^or-Gcneral  Edward  Bruck  Hamlet.    8vo,  128.  6d. 

WESTMINSTER  ASSEMBLY.    Minutes  of  the  Westminster  As- 

sembly,  while  engaged  in  preparing  their  Directory  for  Church  OovemmcnL 
Confession  of  Faith,  and  Catechisms  (November  1644  to  March  1649).  Printed 
from  Transcripts  of  the  Originals  procured  by  the  General  Assembly  of  the 
Church  of  Scotland.  Edited  by  the  Rev.  Alex.  T.  Mitchell,  D.D..  F*rofe88or 
of  Ecclesiastical  History  in  the  University  of  St  Andrews,  and  the  Rev.  Johk 
Struthbbs,  LL.D.,  Minister  of  Prestonpans.  With  a  Historical  and  Critical 
Introduction  by  Ftofessor  MitchelL    8vo,  price  258. 
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WHITE.    The  Eighteen  Christian  Centuries,    ^y  the  Rev.  James 

White,  Author  of  'The  Hlitoiy  of  Franoe.'    BeToitli  BiUtioD,  poctSro,  with 
Index,  66. 

Hbtoiy  of  France^  firom  the  Earliest  Times.    Fifth  Edition, 


l>oiit  8vo,  with  Index,  6a, 

WHITE.    ArchoxiLogical  Sketches  in  Scotland — Kint3ne  and  Knap- 

dale.    By  Captain  T.  P.  Wmn,  R.E.,  of  the  Ordnance  Surrey.    With  numer- 
ous IlluHtrationA.    s  vols.,  folio,  £4,  4JB.    VoL  L,  Kintyre,  sold  seittntely, 

£2,  28. 

WILLS.    Charies  the  .First :  An  Historical  Tragedy  in  Four  Acts. 

By  W.  G.  Wills.    8vo,  28.  6d. 

Drawing-room  Dramas  for  Children.     By  the  Same  and 

the  Hon.  Mn  Qkeeke.    Crown  8vo,  68. 

WILSON.      The    « Ever- Victorious    Army:"  A  History  of   the 

Chinese  Campaign  under  Iieut.>Col.  C.  O.  Gordon,  and  of  the  Suppression  of 
the  Tai-ping  Rebellion.    By  Asdbew  Wiuaox,  F.A.8.L.    8to^  with  Maps,  151. 

The  Abode  of   Snow :  Observations  on  a  Journey  from 

Chinese  Tibet  to  the  Indian  Caucasus,  through  the  Upper  Valleys  of  the 
nimolaya.    New  Edition.    Crown  8to,  with  Map,  xos.  6d. 

WILSON.     Works  of  Professor  Wilson.    Edited  by  his  Son-in-Law, 

Professor  Ferbier.    12  vols,  crown  8vo,  £0,  8a. 

Otuer  Works  of  Professor  Wilsos. 
Christopher  in  his  Sporting- Jacket.     2  voLs..  8s. 

Isle  of  Palms,  City  of  the  Plague,  and  other  Poems.     4s. 

Lights  and  Shadows  of  Scottish  Life,  and  other  Tales.    4s. 

Essays,  Critical  and  Imaginative.    4  vols,  i6s. 

The  Noctes  Ambrosianss.    Comjdete,  4  vols.,  14s. 


The  Comedy  of  the  Noctes  Ambrosianje.     By  CnRisTOPHLR 

XoRTH.    Kditcd  by  John  Skelton,  Advocate.    With  a  Portniit  of  Pn»f»*<snr 
Wilson  and  of  the  Ettrick  Shepherd,  engraved  on  SteoL    Cru^Ti  8vo.  7s.  6d. 

Homer  and  his  Translators,  and  the  Greek  Drama.    Crown 

8vo,  4«. 

WINGATR    Annie  Weir,  and  other  Poems.    By  David  Wixgate. 

Fcai».  8vo,  5s. 

WORSLEY.      Poems  and  Translations.      By  Philip    Stanhope 

Wori^lkv,  M.A.    Edited  by  Edward  Worsley.     Second  Edition,  enlarp.HL 
Fcap.  Svo,  68. 

YULE.    Fortification :  for  the  Use  of  Officers  in  the  Army,  and 

Readers  of  Military  History.    By  Col.  Yule,  Bengal  Eugincors.    8vo,  with 
uuinerous  Illustrations,  los.  6d. 
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